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The Ashern Formation (~ddle Devonian) is the basal unit of the
Kaskaskia Sequence in North Dakota. It unconformably overlies the
Interlake Formation (Silurian) and underlies, probably paraconformably,
the Winnipegosis Formation (Middle Devonian). The Ashern is present
in the northwestern one-half of the state, and attains a maximum
thickness of 180 feet (55 meters)
The Ashern Formation may be subdivided into a lower red member
and an upper gray member. The latter directly overlies the Interlake
Both members areFormation where the red member is absent.
argillaceous, microcrystalline dolostones containing minor quartz
silt. Anhydrite, present in both members, is much more abundant in
the red membert frequently forming beds or layers of nodules.
The red member is present in a north-south trending, linear
This area probably was weaklyband in western North Dakota.
positive and remained emergent during the initial Ashern trans-
gression. Coastal sabkhas developed on this peninsula, or large
island, in the early Ashern sea, which was located between 10 and 20
degrees south latitude. These sabkhas are represented by the red1""'\
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microcrystalline dolostones and nodular anhydrite of the red member.
As the transgression continued, the sabkhas were inundated by
rising sea level and the entire sea became a restricted embayment.
These subtidal sediments became the microcrystalline dolostones
of the gray menber. Continued transgression produced the normal-
marine, biogenic sediments of the Winnipegosis Formation.
Except for calcispheres in the gray member, no fossils have
been found. However, stratigraphic relationships and datable faunas
in central and northern Saskatchewan and Alberta and southern
Northwest Territories strongly suggest an Eifelian (early Middle
Devonian) age for the Ashern.
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ABSTRACI
The Ashern Formation (Middle Devonian) is the basal unit of the
It unconformably overlies theKaskaskia Sequence in North Dakota.
Interlake Formation (Silurian) and underlies, probably paraconformably,
the Winnipegosis Formation (Middle Devonian). The Ashern is present
in the northwestern one-half of the state, and attains a maximum
thickness of 180 feet (55 meters)
The Ashern Formation may be subdivided into a lower red member
and an upper gray member. The latter directly overlies the Interlake
Both U\~bers areFormation where the red member is absent.
argillaceous, microcrystalline dolostones containing minor quartz silt.
Anhydrite, present in both members, is much more abundant in the red
member, frequently forming beds or layers of nodules.
The red member is present in a north-south trending, linear band
in western North Dakota. This area probably was weakly positive and
remained emergent during the initial Ashern transgression. Coastal
sabkhas developed on this peninsula, or large island, in the early
Ashern sea, which was located between 10 and 20 degrees south
latitude. These sabkhas are represented by the red microcrystalline
dolostones and nodular anhydrite of the red member.
As the transgression continued, the sabkhas were inundated by
rising sea level and the entire area became a restricted embayment
These subtidal sediments became the microcrystalline dolostones of the
x
gray member. Continued transgression produced the normal-marine,
biogenic sediments of the Winnipegosis Formation
Except for calcispheresin the gray member, no fossils have
However, stratigraphic relationships and datablebeen found.
faunas in central and northern Saskatchewan and Alberta and
southern Northwest Territories strongly suggest an Eifelian (early
Middle Devonian) age for the Ashern
xi
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General Statement
Although the Ashern Formation has not been universally
recognized in North Dakota, rocks that may be assigned to this unit
are present in the northwestern one-half of the state. These rocks
range in thickness from zero on the southern and eastern margins
of the Williston Basin to a maximum of 180 feet in the basin
center. These strata constitute the base of the Kaskaskia Sequence
in North Dakota. They unconformably overlie the Interlake
Fo~tion (Silurian) and underlie, generally paraconfo~bly,
the Winnipegosis Formation (Middle Devonian)
The Ashern Formation is composed of an argillaceous,
microcrystalline dolostone throughout its extent in North Dakota.
It may conveniently be divided into two members. The lower red
member is restricted to a north-south-trending belt with an axis
along longitude 103 degrees west and approximately 75 to 100 miles
wide. This member attains a maximum thickness of about 50 feet
The upper gray member overlies the red member, or the Interlake
The gray member isFormation where the red member is absent.
in turn overlain by the Winnipegosis Formation.
The Ashern Formation is virtually barren of fossils, and
cannot, therefore, be directly dated. However, stratigraphic
1
2relationships and datable faunas in northern Canada suggest that the
Ashern is Eifelian (early Middle Devonian) in age
The Prob lern
-
The Ashern Formation was named by Baillie (19518, p. 10) for
"the brick-red to greyish orange argillaceous dolostone strata"
underlying the Winnipegosis and Elm Point Formations of Middle
Devonian age and overlying the Interlake Formation (Silurian).
Baillie subsequently (1953b, 1953c, 1955) extended the Ashern into
the subsurface of North Dakota, but Sandberg and Hammond (1958)
considered the Ashern to.be part of the overlying Winnipegosis
Since that time, United States workers (e.g., NorthFormation.
Dakota Geological Society, 1961; Ballard, 1963; Carlson and
Anderson, 1965; Baars, 1972) have followed the lead of Sandberg
and Hammond in considering the Ashern to be part of the
Winnipegosis Formation. On the other hand, Canadian workers
(e.g., Jones, 1964, 1965; Kent, 1967; Kendall, 1975; Norris et a1.,
1982) have continued to regard the Ashern as a distinct
formation
Lithologically, the Ashern Formation has been described as a
dolostone (or dolomite), a shale (or mudstone), or, more commonly
some combination of these.
Because the Ashern Formation is totally unfossiliferous,
its age is not directly ascertainable. It is bracketed by
Silurian and Middle Devonian rock units, but various age
assignments by previous workers have covered all or part of this
implied time span.
3Purpose Qf ~ Study
The purpose of this study was to determine the lithology of
the Ashern, whether the unit exists as a separate formation in
North Dakota, the lateral and vertical extent of the unit, and
its age It is hoped that past conflicting lithologic terminology
will be resolved, at least for the Ashern Formation in North Dakota
Although my own search for microfossils proved unsuccessful,
light will be shed on the question of the age of the Ashern,
and an age assignment, as nearly as possible, will be made. In
addition, the depositional environments of the Ashern will be
interpreted
~thods
Mechanical well logs, on file with the North Dakota
Geological Survey, were used to prepare an isopachous map of the
Ashern Formation (Fig. 1). Data from these well logs are listed
in Appendix A.
All available as of August 1982) cores, from wells whose
locations are shown on Figure 2, were examined and described.
These cores are stored in the Wilson M. Laird Core and Sample
Library of the North Dakota Geological Survey on the campus of
the University of North Dakota. Reference slabs were taken and
450 thin sections were made. Relative percentages of dolomite
and calcite in these thin sections were determined by staining with
Alizarin Red S according to procedures given by Friedman (1959)
and the thin sections were described. Core slabs and thin sections
4Figure 1. Isopach map (based on data given in Appendix A)
of the Ashern Formation in North Dakota.
Contour interval is 10 feet (3 meters).
Thin areas have hachured borders.
10 miles = 16.1 km.
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Figure 2. Location of Ashern cores. Numbers are North
Dakota Geological Survey (NDGS) well numbers.
Enlarged part of figure shows location of
wells with cores along the Nesson Anticline.
Core descriptions are given in Appendix B.

8were numbered using a binomial system; e.g., thin section 38-6556
is from NDGS Well No. 38 at a depth of 6556 feet below Kelly
bushing. Approximately 250 insoluble residue samples, of about 10
grams each, were processed, following procedures in Ireland (1911).
Formic acid was used for the majority of these samples, as it is
faster than acetic acid and less damaging to microfossils than
hydrochloric acid.
Cores from 28 wells (Fig. 2) were examined. It was subsequently
determined that three of these wells (North Dakota Geological
Survey Well Numbers 20, 27, and 207, in Ramsey, Cavalier, and
Wells Counties, respectively) are beyond the limits of the Ashern
Formation, as determined by mechanical well log picks. However
for the sake of completeness, core, thin section, and insoluble
residue descriptions of these wells are included in Appendix B
along with those of the other 25 wells.
The outcrop area of the Ashern Formation, about 100
miles north of the city of Winnipeg, was visited during the summer
of 1980. A brief description of the outcrops visited is included
in Appendix C.
Geolo~ic Settin~
Throughout much of its history, the Williston Basin has been
connected to the open ocean to the present west, the southwest,
or broadly in both directions. However, during Middle Devonian
time (basal Kaskaskia Sequence of Sloss et a1., 1949; Sl08s, 1963)
the sea trans~ressed from the northwest and the Williston Basin
9became a sub-basin of the Elk Point Basin (Fig. 3). Why this shift
took place is unknown, but Gerhard et a1. (1982, p. 1003, 1004)
suggested that it may be related to uplift on the Transcontinental
Arch, which,in turn,may be linked to the Antler or Acadian
orogenies
During the Late Silurian, the sea withdrew from the Williston
Basin, as it did from much of the craton, and a lengthy period of
weathering and erosion ensued. This major regional unconformity
marks the boundary between the Tippecanoe and Kaskaskia Sequences
The Elk Point Basin is distinguished from the earlier
Williston Basin by the former's opening to the northwest and by a
shifting of its depocenter from northwestern North Dakota to
southern Saskatchewan and east~entral Alberta (Norris et al.,
1982, p. 9). (Fig. 1, however, clearly shows an Ashern
depocenter ,in North Dakota.) The Elk Point Basin was bounded on
the northeast by the Severn Arch (Canadian Shield), on the southeast
by the Transcontinental Arch (Siouxia of authors), on the southwest
by the central MOntana uplift, ancestral Sweetgrass Arch, and
Swift Current Platform, and on the northwest by the Peace River
Arch (Sandberg, 1961, p. 123; Norris et a1., 1982, p. 9)
One of the most important features in the Elk Point Basin is
the huge, subsurface Meadow Lake Escarpment (Fig. 3). Northwest
of the Meadow Lake Escarpment the pre-Ashern Lower Elk Point sub-
group is nearly 1000 feet thick; southeast of the Escarpment the
Ashern rests on Upper Ordovician and Silurian carbonates (Van Hees
1958, p. 72). The Silurian, Ordovician, and most of the Cambrian
10
Figure 3. Elk Point Basin during Middle Devonian time,
modified from Grayston et ale (1964, p. 58)
with lines of paleolatitude from Heckel and
Witzke (1979, p. 105).
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strata have been removed by erosion northwest of the Escarpment;
there, the lower Elk Point Group rests directly on the Deadwood
Formation (Fuzesy, 1980, p. 1). Although Kesling and Takagi
(1961, p. 39) felt that the Escarpment is erosional, Fuzesy
(1980, p. 1) stated that it is fau1t-contro11ed, and Van Hee
(1958, p. 73) noted that it is a westward extension of the
boundary between the Precambrian Churchill and Superior Provinces.
St~atigraphic relationships in the vicinity of the Meadow Lake
Escarpment are discussed more fully below under the section on
the age of the Ashern.
Another subsurface feature is the Swift Current Platform,
in southwestern Saskatchewan, which was emergent during Ashern
There, Winnipegosis rocks rest directly on Lower Paleozoic
carbonates (Grayston et al., 1964, p. 50). Where the boundary
between the Churchill and Superior Provinces bends south and
follows the Manitoba-Saskatchewan border, a parallel structural
feature (the Birdtail-Waskada Axis) exists, but McCabe (1967b,
p. 768) stated that this was not active during Ashern time.
Within North Dakota, several subsurface structures have been
significant at various times. MOst prominent among these are
the Nesson and Cedar Creek Anticlines. Other structures include
the Billings and Little Kn~fe Anticlines and the Watford Deep
The isopach map of the4; Gerhard et a1., 1982, p. 991).
Ashern (Fig. 1) shows that the Cedar Creek Anticline was emergent
during Ashern time, and the other structures (except for the
Watford Deep) were poorly defined
13
Figure 4. Significant subsurface structures in the
Williston Basin, North Dakota (adapted from
Gerhard et a1., 1982, p. 991).
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According to a recent Devonian paleogeographic reconstruction
(Heckel and Witzke, 1979) the Elk Point Basin lay between 10 and
20 degrees south latitude during the Middle Devonian. North
Dakota, at the southern end of the basin, lay between 18 and
23 degrees south latitude. This places the Elk Point Basin in
the hot, arid, trade-wind belt south of the equator. Because
this was in the southern hemisphere, the trade winds blew from
the east, directly off the Canadian Shield (Heckel and Witzke,
1979, p. 105).
Previous ~
Manitoba Outcrop
The first mention of rocks subsequently called the Ashern
Formation goes back to Tyrrell (1892, p. 200E), who reported a
hundred feet of "red and other shales" underlying his newly named
'~innipegosan formation. He assigned these shales to the Lower
Devonian. Kindle (1914) also worked in the Interlake area (that
area of Manitoba lying between Lakes Manitoba and Winnipegosis
on the west and Lake Winnipeg on the east) and described a red
argillaceous limestone that he felt was Tyrrell's fIred and
other sha les . " He reassigned these beds to the Silurian. Kindle
also named the Elm Point Formation for strata lying between the
Winnipegosan and his red limestone. Cooper et ale (1942) listed
the Manitoba, Winnipegosis, and Elm Point Formations, in
descending order, as being lower Middle Devonian
16
The first modern work in the outcrop area was done by Baillie
(1951a, 1951b, 1953b, 1953c, 1955). He (1951a, p. 10) formally
defined and named the Ashern Forma tion as "the brick-red to greyish
orange argillaceous dolostone strata that lie between the overlying
Elm Point limestone and the underlying dolostone of known
The name is derived from the village of Ashern inSilurian age.
the vicinity of which are several outcrops of the formation.
Baillie reported the Ashern as unfossiliferous, though he
subsequently (1953b, 1953c, 1955) reported some poorly preserved
fossils from one locality.
Baillie's work remains the definitive work on the Ashern in
There has been a search for fossils,the outcrop area.
particularly microfossils, in the Ashern (Norris, 1965; Norris
and Uyeno, 1971; Norris et a1., 1982) but, with minor and
unconvincing exceptions which are discussed below, these have
proved fruitless.
Excellent road logs and guides to field trips in the
outcrop area have been written (Christopher et a1., 1965,
1973; McCabe, 1967a, 1970; McCabe and Barchyn, 1982), but these
have added little to previous discussions of the Ashern in the
The Interlake area of Manitoba is the only areaoutcrop area.
of outcrop of the Ashern Formation.
North Dakota
Prior to the completion of the North Dakota discovery well
in 1951, few subsurface controls were available, and early work
17
reflects this lack of well control. Kline (1942, p. 349) thought
it was "highly probable" that Devonian strata underlay most of
North Dakota, but she did not subdivide these strata. In a reply
to Kline, Seager et a1. (1942, p. 1415) divided the Devonian
System in North Dakota into (in ascending order) the Elm Point
Winnipegosan, and Manitoban Formations. This was the
followed by Laird 1944).
As a result of the exploration boom of the early 1950s
additional subsurface information rapidly became available.
Tawse (1953) drew and described a cross-section of Devonian
strata in North Dakota, carrying the Ashern and Elm Point
Formations across western North Dakota; these two units
constitute the Ashern Formation of the present study. Baillie
(1953b, 1953c, 1955) extended his outcrop work into the North
Dakota subsurface, but had difficulties tracing the Ashern from
the basin margins into the basin center. Consequently, his cross-
sections (Baillie, 1955, p. 584-587) show no Ashern in the basin
center, though he did show it in his correlation chart (Fig. 3,
p. 579) and clearly implied (p. 595) that it does exist in north-
western North Dakota. It is partly the ambiguity with which
Baillie treated the Ashern that is the source of much of the
subsequent uncertainty regarding the validity and character of
this formation in North Dakota
Summaries of North Dakota Devonian stratigraphy such as those
by the North Dakota Geological Society (1954), Middleton and Kennedy
(1956), and Harris and Mallin (1957) recognized that the Ashern is
18
up to 50 feet thick in the state, but the next major work on North
Dakota Devonian rocks was that by Sandberg and Hammond (1958).
These workers resolved Baillie's ambiguities by suppressing the
Ashern as a separate formation name and including these red beds
in the lower member of the Winnipegosis Formation on the grounds
that "they are so thin and discontinuous that they should not be
considered a separate stratigraphic unit" (p. 2306). They
divided the Winnipegosis into three members: the lowest (basal
red member of the Ashern of this paper) they characterized as
0-45 feet of "dolomitic siltstone, sandstone, or shale grading to
argillaceous dolomite"; the middle member (upper gray member of
the Ashern of this report) as 60-130 feet of "dark gray
calcareous shale and siltstone"; and the upper member
(Winnipegosis Formation of this paper) as 120 feet of "slightly
argillaceous abundantly fossiliferous" limestone (Sandberg
Hammond, 1958, p. 2305). They also noted that toward the basin
margins the lower and middle members merge.
This set the stage for subsequent stratigraphy of these
rocks. Later North Dakota stratigraphic summaries (Sandberg,
1961; North Dakota Geological Society, 1961; Ballard, 1963;
Carlson and Anderson, 1965; Sandberg and Mapel, 1967; Carlson,
1967; Baars, 1972; Bluemle et al., 1980) have followed the
of Sandberg and Hammond in considering the Ashern to be a part of
the Winnipegosis Formation. Only recently has there been partly
as a result of the present study, a reconsideration of this stand.
19
Gerhard et al. (1982, p. 997) mentioned the Ashern, and it has been
included on the North Dakota charts submitted to the Committee on
Stratigraphic Units in North America (J. P. B1uem1e, 1983,
personal communication). Major developments in Ashern
nomenclature are summarized in Figure 5.
Canadian Subsurface
MUch excellent work has been done on subsurface stratigraphy
t-k:Gehee (1949)in the Elk Point Basin of Saskatchewan and Alberta.
named the pre-Upper Devonian section in east-central Alberta the
Elk Point. Formation. He assigned the formation to the Silurian,
subsequently (MCGehee, 1952, 1954) reassigned it to the Middle
Devonian on paleontological grounds. Belyea (1952, p. 1) raised
Elk Point to group status, but did not divide it into
forma tions Baillie (1953a, p. 444) accepted the Elk Point Group
*for the Ashern, Elm Point, and Winnipegosis Formations "and their
subsurface equivalents. II He also named the overlying "Prairie
evaporite" and included it in the Elk Point Group.
Crickmay (1954, p. 145) treated the Elk Point as a formation
and divided it, in the type well in eastern Alberta, into nine
'members " numbered in descending order. He correlated (p. 146-141
Ashern Formation with IImembers 7, 8, and 9." MacLennan and
*
This name was formally changed from Winnipegosan to
Winnipegosis by Baillie (1955, p. 594) although Cooper et al
(1942, p. 1788) and Baillie himself (1953a, 1953b) had
previously used the modern form.
20
Nomenclatorial history of the Ashern Formation
in North Dakota.
Figure 5.
21
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Kamen-Kaye (1954) also described a subsurface section in the Meadow
Lake area of Saskatchewan
Walker (1956, 1957) made a substantial contribution to our
knowledge of Middle Devonian strata in the Saskatchewan sub-
surface. He informally divided the Ashern into a lower red member
and an upper gray member (Walker, 1956, p. 132), noted that the
red member is absent in places, and described the Ashern as
composed of silts, shales, and carbonates. The upper gray member
is probably what Baillie (1953b, p. 24) had referred to as a "basin
facies" of the Elm Point and Winnipegosis Formations. Van Hees
'subgroup,(1956) divided the Elk Point into a lower and an upper
making the division at the base of the Ashern, and correlated the
Ashern with Crickmay's "member 4." Edie (1958, 1959) summarized
the Middle Devonian of Saskatchewan
Sherwin (1962, p. 185), working north of the Meadow Lake
Escarpment, asserted that the Ashern lost its identity in this
region; he therefore drew the boundary between the Lower and Upper
Elk Point "subgroups" at the base of the Winnipegosis. Grayston
et a1. (1964, p. 49) accepted this boundary but mapped the Ashern
with the Upper Elk Point "subgroup," as they said, "for
convenience. " They also indicated (p. 50) that the Ashern thickens
to 180 feet in North Dakota.
Jones (1964, 1965) studied the Winnipegosis Formation in the
Saskatchewan subsurface and said (1965, p. 8) that the gray member
was "readily differentiated from the Winnipegosis Formation as
defined by Baillie. Kendall (1975) restudied the lower Middle
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Devonian formations in southern Saskatchewan and identified (p. 61)
a "previously unrecognized basal unit" that contains nodular
anhydrite and which '~as been misinterpreted as the uppermost
Interlake. II
Fuzesy (1980) worked farther north, in the area of the Meadow
Lake Escarpment, and gave an excellent account and illustration
(Fig. 1, p. 3) of the stratigraphy in this area. He correlated
the Ashern with the upper part of his Meadow Lake Formation and
the upper part of the Contact Rapids Formation of Sherwin (1962).
Other workers (Borden, 1956; Van Hees, 1958; Grayston et a1.,
1964; Kent, 1964, 1967; Bassett and Stout, 1967; and McCabe,
1967b, 1971) summarized the regional geologic history and
tectonics.
LITHOLOGY ~p SEDIl£NTARY STRUCTURES
Definitions
Hand specimens and core slabs of the Ashern Formation are
described according to the system of Leighton and Pendexter (1962,
p. 51) except that their "dolomite" is here called "dolostone."
Thin sections are a bit more difficult. Al~st all of the
carbonate thin sections studied could be classified as consisting
of "Dldstones II in the scheme of Dunham (1962, p. 117). However
that term is regarded as particularly infelicitous for the Ashern,
since other workers have used 'Imudstone" in Ashern descriptions to
refer to clastic rocks. Folk (1962, p. 70) used "dolomicrite"
for 'Iprimary dolomite micrite. II Since the existence of primary
dolomite has never been proven, Folk's "dolomicrite" is herein
modified to include any fine-grained dolostone whose sediment was
originally carbonate mud. Anhydrite structural and textural
description follows that of Maiklem et al. (1969).
Litholo~v
The Ashern Formation in North Dakota has, on occasion, been
called a dolostone (Towse, 1953; Middleton and Kennedy, 1956;
Carlson and Anderson, 1965) or a shale (Baars, 1972), but it most
commonly has been referred to as a combination of dolostone and
shale (Hadley et a1., 1952; Baillie, 1953b, 1953c, 1955; North
Dakota Geological Society, 1954, 1961; Harris and Mallin, .1957;
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Sandberg and Hammond, 1958; Sandberg, 1961; Sandberg and Mapel,
1967; Gerhard et al., 1982)
Hoping to say something definitive about the lithology of
the Ashern Formation, I examined more than 1100 feet (335 meters)
of core. Insoluble residues ranged from three percent to 49 percent,
with an average of 19 percent. No sample contained more than 50
percent terrigenous grains. All thin sections were stained to
distinguish calcite and dolomite; the dolomite fraction exceeded
99 percent of ' the total carbonate for the formation as a whole.
Occasional thin (less than three mm, or one-eighth inch) shale
partings were noted; these comprised a total thickness of perhaps
15 cm (six inches out of the total core. Typical lithology as
seen in core and thin section is illustrated in Figure 6.
Anhydrite is abundant locally, particularly as nodules
(Fig. 7A) in the lower red member (Fig. 5). The nodules exist in
layers, rather than being evenly distributed throughout the member
The nodular anhydrite exhibits a felted texture (Fig. 7B) in thin
section. In some cases, the nodules have coalesced to form a
"chickenwire II texture (Fig. 7C) and are frequently compressed in
the plane of bedding (Fig. 7D). Anhydrite is also present as vug
and fracture filling. In this form it has a blocky or lath-
shaped texture (Fig. 7E)
Silica, in the form of quartz and chert, is common throughout
the Ashern. Angular to subangular quartz silt and fine sand
constitute one to two percent of the formation almost everywhere
(Fig.6B). Chert (Fig. SA) i. also common, although not as
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Figure 6. Typical Ashern Lithology
A) Featureless microcrystalline dolostone.
Core slab 147-12330.5.
B) Photomicrograph (thin section 470-11009)
of do1omicrite. Lighter grains are
quartz silt. Width of area shown in
photograph is about 2 nun (0.08 inch).

28
Figure 7. Anhydrite structures and textures.
A) Nodular anhydrite in red dolostone matrix,
Core slab 147-12219.
B) Photomicrograph (thin section 1385-1174~.5)
of felted texture in anhydrite nodule.
Note inclusion of dolomicrite (dark area)
in middle. Width of area in photograph is
about 4 mm (0.16 inch).
C) "Otickenwire" texture, formed by
coalescence of separate anhydrite nodules.
Core slab 1385-11746.5.
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Figure 7. (Continued) --- Anhydrite structures and
textures.
D) Anhydri te nodules compTessed in the plane
of bedding. Core slab 1231-11424.
E) Photomicrograph (4379-11434.5) of
lath-shaped anhydrite texture, from
vug-fil1ing anhydrite. Width of area in
photograph is about 4 mm (0.16 inch).
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Figure 8. Forms of chert and quartz from the Ashern
A) Photomicrograph (thin ~tion 410-UGU)
of large authigenic chert grain. Width of
area in photograph is about 4 mm (0.16
inch) .
B) Photomicrograph (thin section 470-11019-3)
of chert and megaquartz in do1omicrite
matrix. Width of area in photograph is
about 2 mm (0.08 inch).
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Figure 8. (continued) --- Forms of chert and quartz
from the Ashern.
C) Photomicrograph (thin section 470 11022-5)
of abundant well-rounded quartz sand in
dolomicrite matrix. Width of area in
photograph is about 4 mm (0.16 inch).

36
ubiquitous as the quartz silt, and appears to be entirely
diagenetic. Megaquartz (Fig. 8D) is also present, though not common.
In one well, in west-central Golden Valley County (NDGS 470),
there is an abundsnce of quartz sand. This sand comprises up to
30 percent of the volume of the rock and occurs within two feet
directly above the Interlake Formation. The sand grains are
rounded to well-rounded and from very fine to very coarse (Fig. 8C).
Four of the silt- and clay-sized fractions of the insoluble
residues were analyzed by X-ray diffraction. The dominant clay
mineral seems to be illite, with lesser amounts of montmorillonite,
chlorite, and sericite. Since illite and sericite contain
potassium, the presence of these minerals seems an adequate
explanation for the .characteristic gamma-ray deflection of the
Ashern Formation observed on electric logs.
Iron minerals, particularly hematite and pyrite, are also
COmDX)n in the Ashern. The presence of these minerals is revealed
by X-ray diffraction. MUch of the pyrite appears to be diagenetic;
microscopic examination of the sand-sized fraction of the insoluble
residues shows subhedral and euhedral pyrite to be not uncommon
One thin section (Fig. 9) shows an opaque mineral replacing
anhydrite.
The hematite occurs as a coating on clay minerals and also
It gives the color to the redacts as a cement in some cases.
member and essentially does not occur in the same sample as pyrite.
Hematite is restricted alDK>st exclusively to the red member, and
pyrite to the gray member
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Figure 9. Photomicrograph (thin section 38-6556)
of an opaque mineral (probably pyrite)
replacing anhydrite. Note anhydrite
inclusions within the opaque mineral.
Width of area shown in photograph is about
1 um (0.04 inch).

39
Halite also occurs in the Ashern Formation. It is present as
fracture filling in the gray member in some wells and also occurs
as an evaporite deposit in two small areas centered in north-
eastern Williams County and in western Mbuntrail County (Fig. lOA)
In the latter area the salt attains a maximum thickness of 60 feet
(18 meters). In the one well in which it is cored (NDGS 35) the
halite exists as large (up to 3 cm on a side) euhedral crystals {Fig
lOB) interspersed with stringers and blebs of carbonate IJn1d
The only evidence of life is calcispheres (Fig. 11). These
occur in approximately 10 percent of the thin sections of the gray
member, and not at all in those of the red member.
Sedimentary Structures
Much of the Ashern consists of a featureless dolostone
Kendall (1915, p. 61), working in the Saskatchewan subsurface,
noted that Ashern rocks "cOtnDl)nly lack primary seditrentary
structures" but that "structures indicating water passage" were
not uncotllDon. This is also true of the Ashern in North Dakota.
Some primary sedimentary structures that are present in the
Ashern are zones of brecciation and rip-up clasts (Fig. 12)
These features, not present in all cores, are found exclusively
Beddingwithin a few feet above the Ashern-Interlake contact.
structures are rare. Cryptalgal laminae (Fig. 13) are present
in a few cores but are also restricted to the few feet
immediately overlying the Interlake Formation.
What appear to be wispy, irregular laminae may produce a
pseudobrecciated appearance (Fig. 14A). These laminae prove upon
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Salt in the gray member of the Ashern.Figure 10.
Map showing loca tion of Ashern
halite.
A)
Core slab of large euhedral halite
crystals. Core slab 35-11585.
B)
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Figure 11. Ashern calcispheres
A) Photomicrograph (thin section 505-11202)
of a ca1cisphere filled with equant
calcite. Width of area in photograph
is about 1 mm (0.04 inch).
B) Photomicrograph (thin section 32-11550.5)
of a ca1cisphere filled with lath-shaped
anhydrite. Width of area shown in photo-
graph is about 1 mm (0.04 inch).
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Figure 12. Sedimentary features near the base of the
Ashern.
A) Two zones of brecciation (one at base
of slab, one about halfway up) within
a few centimeters of each other.
These are here interpreted to be caused
by desiccation. Core slab 25-11622.
B) Intraformational structure interpreted
to be crust with incipient rip-up clast.
Core slab 2150-1154.
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Figure 13. Cryptalgal laminae.
A) Thin section 5246-10378. Width of area
shown in photograph is about 4 om (0.16
inch).
B) Thin section 6793-12025-2. Width of
area shown in photograph is about 4 mm
(0.16 inch).
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Figure 16. Dish and pillar structures.
Dish structures in microcrystalline
dolostone. Note pillar just above
midline and incipient pillar near base.
Core slab 6684-7533.
A)
B) Photomicrograph (thin section 6684-7533)
of dish, which is formed by very fine-
grained pyrite (black grains). Width of
area shown in photograph is about 4 mm
(0.16 inch).

STRATIGRAPHY
~ Problem
There are three aspects to this problem: 1) Does the Ashern
exist as a separate formation in North Dakota? 2) If it does,
what is its geographic and stratigraphic extent? 3) What is to be
done about the gray beds that lie between the red beds and the
Winnipegosis Fo~tion, and that have no expression in outcrop?
Mechanical1.2&. Characteristics
Part of the justification for abandonment of the Ashern
Formation in North Dakota has been that it is "difficult to map in
the subsurface'! (North Dakota Geological Society, 1961, p. 9).
Having examined logs from more than 900 wells, I find that the Ashern
is, on the contrary, quite easy to identify on gamma-ray logs
(Fig. 17), although it becomes more difficult to separate from
adjacent formations toward the basin margins. Throughout most of
its areal extent, the Ashern can be readily distinguished from the
Interlake and Winnipegosis Formations.
A typical gamma-ray curve of the Ashern Formation in the basin
center is that shown by NDGS Well No. 254 (Fig. 17). The log of
this wellshows that the lower 50-foot section is not marked by 8S
great a deflection on gamma-ray logs as is the upper lOO-foot part.
The reason for the lesser deflection in the lower part is suggested
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Figure 17. Cross-section of the Ashern Formation in
North Dakota. Typical log responses are
shown, both for the basin center and for
its flanks. "G. R." stands for ganuna ray,
"S. P." for spontaneous potential.
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by the lesser amount of insoluble residue of this part; results
of analyses show that the lower red member has an average clay
content of 14 percent compared to 23 percent for the upper gray
member. The log of NDGS Well No. 38 (Fig. 17), typical of shelfal
Ashern, no longer shows the gamma-ray curve characteristic of the
basin center, but still the upper portion of the curve has a
greater deflection than does the lower.
Formation Geometrv
The Ashern Fo~tion is shown in cross-section (Fig. 17)
almo8t normal to the strike of the Elk Point Basin. The Ashern is
about 100 feet (30 ~ters) thick at the !obntana border (NDGS Well
No. 6839, Fig. 17) and thickens to its maximum of 180 feet (55
meters) at NDGS Well No. 7233 (Fig. 17). From this locality the
Ashern thins slightly over the Nesson Anticline (NDGS Well No. 254,
Fig. 17) and thickens slightly off the east flank of the Nesson
(NDGS Well No. 5088, Fig. 17). From this area the Ashern thins
abruptly to the east. It is only 50 feet (15 meters) thick in
southwestern Bottineau County Q[DGS Well No. 38, Fig. 17) and
pinches out altogether in western Rolette County, between NDGS Well
Nos. 3980 and 171 (Fig. 17).
Based upon information from well logs, an isopach map (Fig. 1)
of the Ashern was prepared. This map shows the Ashern to have two
depocenters; one west of the Nesson Anticline in northern &Kenzie
County and one east of this anticline in western Mountrail County.
The Ashern thins somewhat over the Nesson itself. In the north-
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central part of the state, there is an extension of the Ashern to
the east, on a shelf-like area. Aside from these and other, minor,
irregularities, the isopach map of the Ashern clearly shows a
relatively smooth "basin" shape.
Earlier Misconceptions
A major part of the problem may stem from misconceptions as
to what the Ashern Formation really is.
.
As has been shown, the
Ashern is an argillaceous microcrystalline dolostone, regardless
of color, throughout its stratigraphic and geographic extent in
In spite of the red color of the basal member of theNorth Dakota.
Ashern, these red beds are not "redbeds" in the cotmoon sense of
the term, used to denote continental, terrigenous, sedimentary
Nor are these strata basal red "shales."deposits. But there
has been perpetuated in the literature the interpretation that the
Ashern represents some kind of a weathering profile on the Silurian
erosional surface -- a terra rossa or other soil horizon -- or
channel-fill deposits, or some combination of these.
The earliest mention of any of these ideas that I can find is in
Hadley et a1. (1952, p. 132), who said of the Ashern, "Possibly repre-
sents a 'fossil laterite' or soil profile developed on Silurian rock
surface in the interval between Silurian and Devonian deposition. II These
ideas have been accepted and amplified by most United States workers
and some Canadian workers in the intervening years. Borden (1956,
p. 136) stated that regoliths formed by the Late Silurian-Early
Devonian erosion are "represented in the Ashern formation." Walker
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(1956, p. 132) characterized the Ashern as a reworked laterite,
and Harris and Mallin (1957, p. 16) called it partly a lateritic
But it was Sandberg and Hammond's (1958) interpretationszone.
and stratigraphic decisions that have heretofore been accepted in
the United States, and I feel it is worth quoting their
justification (p. 2305-2306) of these:
The name Ashern formation has been applied in
the subsurface to many discontinuous but related
red-colored erosional and depositional phenomena
that are present at, above, and below the unconformity
between Silurian and Middle Devonian beds. Where
the contact is sharp, all that might be assigned to
the Ashern is a thin red film on the bedding plane
between Silurian and Devonian rocks. Elsewhere, the
Ashern represents thin residual soil that resulted
from the weathering of Silurian rocks. In some
wells the name Ashern has been incorrectly applied to
red sinkhole and crevice fillings as much as 100 feet
below the top of Silurian rocks. In other wells it
has been incorrectly used to designate redbeds at the
base of the Daw~on Bay formation or the Souris River
formation (Upper Devonian) where these formations
overlie the pre-Devonian unconformity. These~-
applications ~ ~ invalidate ~ ~ ~ bei~
applied t2.. ~ basal Middle Devonian rocks ~ ~
~ lower ~ Qi ~ Winnipe~osis formation !!!. ~
central ~ Qi ~ Williston basin~ [emphasis added]
but the writers feel that deposits assignable to the
Ashern formation of Baillie are in general so thin
and discontinuous that they should not be considered
a separate stratigraphic unit. Better correlations
are achieved if these basal deposits are included in
the Winnipegosis formation.
This has remained essentially the last word on the Ashern, in
the United States, until the present study; one recent paper
(Gerhard et a1.. 1982. p. 997) characterized the Ashern as "an
eroded surface of earlier Paleozoic rocks, represented by red and
gray shaly beds and carbonate breccias." Other examples of mis-
conceptions as to the lithology and origin of the Ashern may be
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cited: Sherwin (1962, p. 190) referred to the Ashern as a "reworked
rego1ithic soil unit"; Kent (1964, 1967) described it as "~
rossa deposits" and "residual soil developed by weathering"; Carlson
and Anderson (1965) called it a "reddish weathered zone." Only
Kendall (1975, p. 61) attempted to address these ideas on the nature
of the Ashern directly when he said that "it does not represent
a weathered residue or soil (terra-rossa)."
Caliches and lateritic paleosols are indeed present at the
Ashern-Interlake contact, and were undoubtedly a result of the
prolonged period of exposure and erosion to which the rocks of the
Interlake were subjected in the Late Silurian and Early Devonian.
These paleosols are well described and illustrated by LoBue (1982,
p. 37-38) who considered them an integral part of the Interlake
Formation. There is no evidence to support the interpretation
of the Ashern as a paleosol, a weathered zone or horizon, channel-
fill deposits, or any combination of these.
The Decision
The North American Stratigraphic Code (hereinafter referred to
as the Code; North American Commission on Stratigraphic Nomenclature,
Article1983) establishes the criteria for stratigraphic decisions.
24 (p. 858) gives two criteria for defining a formation: lithic
characteristics and mappability (or traceability in the subsurface).
"Lithic characteristics" is expanded by Remark b under Article 24
(p. 858) to include lithologic homogeneity, extreme heterogeneity,
or repetitions of two or more lithologies.
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Considering the first criterion (lithic characteristics), we
have seen that the lithology of the Ashern, both of the lower
red member and the upper gray beds, is an argillaceous micro-
crystalline dolostone, containing a small percentage of quartz
silt. This is true both in outcrop and throughout North Dakota,
and agrees with Baillie's (19518, p. 10) original description of the
Ashern as an argillaceous dolostone.
A typical Winnipegosis lithology is a combination of
bioclastic wackestones and packs tones with lesser amounts of
carbonate mudstones and boundstones (Perrin, 1983, personal
coumunication). Baillie (1955, p. 594-595) described the
Winnipegosis as consisting of reef facies that would, in Dunham's
(1962) terms, be called boundstones and bioclastic packstones, and
inter-reef facies that would be called bioclastic wackestones.
Other facies are present, including dolomitic mudstones (Perrin,
1982) but most of the Winnipegosis lithology is as described
above. The criterion of lithologic homogeneity is satisfied by
considering the "lower and middle members II of Sandberg and
Hammond's (1958) Winnipegosis Formation. together with the
Ashern Formation of Baillie (195la), as a formation distinct from
the Winnipegosis; it is violated by including these in the
Winnipegosis Formation.
The second criterion, that of mappability or traceability in
the subsurface, has also been satisfied (Figs. 1 and 17). The
Ashern Formation extends for thousands of square miles in North
Dakota, southwestern Manitoba, northeastern Mbntana, southern and
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central Saskatchewan. and east-central Alberta. The distinctive
ganma-ray "signature" of the Ashern (Fig. 17) makes it an easily
traceable lithologic unit throughout this wide area except at the
basin margins, where the "signature" loses character.
Thus, the Ashern Formation satisfies both criteria for
recognition as a separate and distinct unit. It has been validly
named in outcrop and traced into the subsurface in North Dakota,
and it is here considered to be a valid formational name in the
North Dakota portion of the Williston Basin
The solution to the second problem, that of the stratigraphic
and geographic extent of the Ashern Formation in North Dakota, can
be seen by referring to the isopach map (Fig. 1) of the Ashern
Formation and the cross-section (Fig. 17). The Ashern extends
throughout the northwestern one-half of the state and ranges from a
featheredge along the eastern and southern margins of the Williston
Basin to a maximum thickness of about 180 feet (55 meters) at the
formational depocenter in northeastern MCKenzie County.
The third problem, that of the dark gray beds that have no
expression in outcrop, also has a relatively simple solution.
Baillie (L955. p. 595) considered these beds to be a basinal facies
of the Elm Point and Winnipegosis Formations. Sandberg and HamDX)nci
(1958, p. 2305) labelled them the "middle member" of the
Winnipegosis. I here suggest that they are much more similar,
lithologically, to the basal red Ashern beds than they are to the
Winnipegosis. It remains only to decide whether to include the gray
beds in the Ashern or to name a new formation.
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There are some differences, to be sure, between the red beds
and the gray beds. The gray beds have a higher (23 percent versus
14 percent) clay content, calcispheres, and salt in a small part
of the area. The red beds contain nodular anhydrite and, of course,
are differently colored. But there is a basic lithologic
similarity between the red beds and the gray beds; both are
argillaceous microcrystalline dolostones with minor quartz silt
scattered throughout. I feel that the criterion of lithologic
homogeneity is satisfied, and the gray beds are here considered
as a basinal facies of the Ashern Formation, rather than either a
facies of the Winnipegosis Formation or as a separate formation.
AGE OF THE ASHERN
Introduction
The Ashern was originally reported to be unfossiliferous
(Baillie. 19518. p. 11). Work during the intervening three decades
has done little to alter that statement.
Because of the near Lack of fossils, it has not been possible
to ascertain directly the age of the Ashern. Baillie (19518, p. U)
gives the age as Silurian or Devonian; and, as recently as 1982
Norris et a1 (p 17) were forced to refer to the age of the
Ashern as an "unsettled problem." On their '~able of Devonian
Formations" (p. 10) they indicate the Ashern is "Middle Devonian
and/or older," although they say (p. 17) that the Middle Devonian
age is more probable. The Ashern cannot be younger than Middle
Devonian; the overlying Elm Point and Winnipegosis Formations have
been dated as Late Eifelian to Early Givetian on the basis of the
guide fossils DesQuamatia (Variatrvpa) arctica (Warren) and
Strinaoceohalus sp. The older limit on the age of the Ashern is in
more doubt, though Norris et a1. (1982, p. 10) indicated that, in
Manitoba at least, the underlying Interlake is Middle Silurian
&Gehee (1949) originally felt that the Elk Point Formation
was Silurian, on stratigraphic grounds, but later (MCGehee, 1952)
accepted a Middle Devonian age for it on the basis of paleontological
evidence in the upper part of the section. The North Dakota
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Geological Society (1954) followed Baillie (1951a) in considering
Webb (1954, p. 5)the Ashern to be Devonian or Silurian.
considered it Upper Silurian, but MCGehee (1954, p. 139) and
Crickmay (1954, p. 151), in the same volume, felt that it was Middle
Devonian, again on paleontological evidence from the upper beds.
Walker (1956, p. 132) assigned a Middle Devonian age to the Ashern
on the grounds that the beds were laid down during a Middle
Devonian transgression Van Hees (1956) also considered the Ashern
to be Middle Devonian, but held out the possibility of an Early
Kent (1964, p. 57) considered the Ashern to be EarlyDevonian age.
Devonian, but subsequently (1967, p. 783) called it Late Silurian
However, Bassett and Stout (1967, p. 735)to Middle Devonian.
supported Walker's position by indicating that the Middle Devonian
transgression occurred during Late Emsian to Early Eifelian time.
Norris and Uyeno (1971, p. 211) indicated a questionable Gedinnian
(Early Devonian) age, but Kent and Simpson (1973, p. 105) assigned
3)a Middle Devonian age, as did Fuzesy (1980, p
Paleontolov.v
Reports of macrofossils in the Ashern have been few, and
Baillie (19518, p. 15-16)reports of microfossils, fewer.
described a thin fossiliferous zone just below the Elm Point
Formation, but later (1951b, p. 34) stated that he believed the
Ashern to be absent in this area. However, he subsequently reported
(1953c, p. 20; 1955, p. 593) "concentrations of poorly preserved
cephalopods, gastropods, and brachiopods including a Productella sp.
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in the dense rock associated with finely brecciated zones"
that overlie the basal red Ashern
Norris and Uyeno (1971, p. 212) mentioned macrofossils from
the Ashern reported by Norris (1965) and Grayston (1960). 'l11is
latter is a misleading citation; the work by Grayston is only an
entry in a lexicon and the fossils he mentioned are cited from
Norris and UyenoBaillie's (1953c, 1955) earlier reports.
discredited these reports with the statement (1971. p. 212), '~e
few fossils reported. . . from Ashern exposures are nag known to
have been derived from the basal orange dolomite of the Elm Point
Forma tion . II
Norris et a1. (1982, p. 15) reported "a few echinoderm
ossicles" from one bore hole and "traces of organic remains in a
thin uppermost transitional bed from one outcrop section." No
further mention is made of the echinoderm fragments from the sub-
surface, but the outcrop section was described (p. 156) as having
"undeterminable brachiopod fragments" and "echinoderm ossicles ."
These are reported from the uppermost five inches (0.4 feet) of
the Ashern in beds "considered as transitional with the Elm Point
Formation" (p. 15). A description of the lithology (p. 156)
indicates that these beds are not typical of Ashern outcrop
lithology. Rather than being the sole evidence for the presence
of an Ashern macrofauna, I would say that the occurrence of
macrofossils in an area where the position of the contact is in
considerable doubt might be an indication that the contact was
picked too high
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As for a microfauna, the Ashern is equally unproductive. Norris
et a1. (1982, p. 15) report no palynomorphs, and I found no micro-
fossils in the sand-sized fraction of tOOre than 250 insoluble
residues. The only find of microfossils is that by Norris et 81
(1982, p. 15) who reported conodonts from three localities, one
from outcrop and two from the subsurface
The one productive outcrop sample (containing three specimens
of Poly~nathu8 pseudofoliatus} was from the same locality and
stratigraphic position as the reported macrofossils, and is not
acceptable for the same reasons. A second productive sample
(containing a questionable ~. parawebbi) was reported from borehol~
M-8-74 (Norris et a1. 1982t p. 15) but a comparison of the limits
of the Ashern in this hole (Table 2, p. 21) with the depth at
which the conodonts were found (Chart 33, p. 280) shows that the
conodonts were found in the overlying and underlying strata, but
that the Ashern was barren. We are left then with one questionable
Ozarkodina brevis from the M-l-72 borehole (Chart 23, p.
from a sample about four feet below the point at which the Elm
Point-Ashern contact was picked. This seems a slender thread,
indeed, on which to hang an age assignment for a formation that
covers thousands of square miles and ranges to 180 feet in
thickness.
Correlations
It is not possible to understand the stratigraphic attempts to
date the Ashern without understanding the stratigraphic relationships
(Fig. 18) in the vicinity of the Meadow Lake Escarpment (Fig. 3).
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In the early days of drilling the existence of this large subsurface
feature was not suspected, so when MCGehee (1949, p. 603) named the
Elk Point Formation for pre-Upper Devonian strata in east-central
Alberta, it seemed reasonable to extend this nomenclature throughout
This was done by Baillie (1953a, p. 444)the Elk Point Basin.
who also formally raised the Elk Point to group rank
In the type area of the Elk Point Group, Crickmay (1954,
p. 145) selected a type well and subdivided the Elk Point into nine
"members" (Fig. 18). He considered the Ashern to be correlative
with the basal part of his section ("members 7, 8, and 9"). :It
seems that Crickmay (1954) made his correlations partly by
stratigraphic position, i.e., matching strata overlying an
unconformity; he might not have done this had he known of the
Meadow Lake Escarpment and the probable faulting along it
Just to the north of the Escarpment, Van Hees (1956, p. 34)
informally named a series of redbeds and anhydrites that underlie
the Ashern at this point the "Meadow Lake beds." He correlated
these beds with members 5 though 9 of Crickmay's (1954) subdivision,
and showed that they have no lithologic identity with the
Ordovician and Silurian carbonates (Red River, Stony Mbuntain, and
Interlake Formations) beneath the Ashern directly to the south of
Van Hees correlated the Ashern withthe Meadow Lake Escarpment.
"member 4. "Crickmay's (1954: He regarded this as supported by the
section in one well south of the escarpment, where a "featheredge
(15 ft.; Van Hees, 1956, p. 29) of Meadow Lake anhydrite lies
between the Ashern and the Lower Paleozoic carbonates.
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Figure 18. Schematic nomenclatorial diagram for
Ordovician to Devonian strata in the
vicinity of the Meadow Lake Escarpment
(Fig. 3).
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Sherwin (1962, p. 187-190) subdivided the Lower Elk Point
"subgroup" into formations in east-centra1 Alberta (Fig. 18).
In ascending order, these are "Basal Red Beds" (Crickmay's member 9),
Lotsberg Formation (member 8 of Crickmay), Ernestina Lake Formation
(member 7 and part of member 6). Cold Lake Formation (member 5).
and Contact Rapids Formation (Crickmay's member 4 and the lower
part of member 3). Sherwin felt that the term Ashern should be
restricted to the area south of the Meadow Lake Escarpment, but
that it is a correlative of the upper part of the Contact Rapids
Forma tion . He also felt (p. 185) that the Ashern, north of the
"loses its identity" and, therefore, heMeadow Lake Escarpment,
placed the boundary between the Lower and Upper Elk Point "sub-
Grays ton et 81.groups'! at the base of the Winnipegosis Formation.
(1964) also adopted this position and correlated the Ashern with the
lower part of Crickmay' s member 3
The naming of the Meadow Lake Formation (Fuzesy, 1980, p. 7)
formalized Van Hees's (1956) "Meadow Lake beds." The Meadow Lake
Formation comprises the Lower Elk Point" subgroup II in the type
well and is a series of mudstones, dolostones, and limestones with
a couple of thin sandstones near the base. The Ashern was correlated
by Fuzesy (1980, Fig. 1, p. 3) with the uppermost ~adow Lake and
Contact Rapids Formations.
However, it is important to realize that deposition was
'111 is iscontinuous on both sides of the Mead"ow Lake Escarpment.
clearly implied by Fuzesy (1980, p. 1 who said, '~dstones and
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argillaceous dolomites. . . constitute the Ashern Formation
southeast of the Meadow Lake Escarpment and to the northwest the
uppermost part of the Contact Rapids Formation in Alberta and the
upper part of the Meadow Lake Formation (new) in Saskatchewan. 'I
Indeed, Van Hees (1956, p. 30-31) showed the Ashern Formation
carrying across the region he later (1958) called the Meadow Lake
Escarpment into east~entral Alberta. The characteristic gamma -ray
"signature" may be clearly seen on the logs reproduced in Van
Hees's cross-section and also shows up in Sherwin's (1962,
3, p. 188) and Fuzesy's (1980, Fig. 1, p.3) cross-sections.
Lithologies described for the upper Contact Rapids by Sherwin (1962,
p. 190) and for the upper Meadow Lake by Fuzesy (1980, p. 7-8)
are very similar to Ashern lithologies from this area as given
by Walker (1956, p. 132) and Kendall (1975, p. 61).
~ Assi~nment
We have seen above that the Ashern has been correlated with
(or actually is) the lower part of Crickmay's (1954) "member 3."
Norris et a1. (1982, p. 17) said that Crickmay (1954) reported an
"Atrypa arc tica fauna" from "member 6." If true, this would solve
the problem of the age of the Ashern quickly and painlessly.
Unfortunately, Norris et ale (1982) misread Crickmay (1954). In
1954 it was not yet understood that the Elm Point Formation was
merely an undolomitized facies of the Winnipegosis Formation, and
Criclanay (1954. p. 150) correlated the Winnipegosis with "member 3"
the Elm Point with "member 6," which was the. first limestone
below !'member 3. 'I Further misunderstanding could have arisen from
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a short table of zonation in which Crickmay (1954, p. 154) indicated
that "member 6" can be assigned to the lower part of the "Atrypa
arctics II zone. However, directly belCN this table Crickmay indicated
this assignment is "merely probable." It is true that
Crickmay's abstract (1954, p. 143) does say that there is an
"Atrypa arctica fauna I' in the lower part of the Elk Point, but a
reading of the entire paper makes it obvious that this fauna
occurred in the Elm Point Formation in outcrop, which Crickmay
had mistakenly correlated with his "member 6. It is clear from
Crickmay's (1954, p. 148, 149) descriptions of three well cores
that, whereas "member 3" is given as fossiliferous, he did not
report fossils, at any place, from "member 6," but only from
presumed equivalents
Ironically, "member 6" (the limestone that together with
"member 7" was named the Ernestina Lake Formation by Sherwin, 1962,
p. 189) has subsequently proven to be the only fossiliferous unit
of the Lower Elk Point. Van Hees (1958, p. 73-74) mentioned and
illustrated an ostracode fauna of undescribed species that he
assigned to the genera Welleria and Welleriopsis from a limestone
(called the "ostracode limestone" by many workers) lying between
"second salt" (Cold Lake Formation) and the "third salt"
This fauna, of low diversity but locally(Lotsberg Formation).
great abundance, was described and illustrated by Kesling and Takagi
(1961). These workers decided that they had three populations
(based on size differences of one species, which they named (p. 43)
Welleria~~!;J,QWlaken8is.
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Since Kesling and Takagi's work, the Middle Devonian plus
the Frasnian of northwestern Canada has been zoned on the basis of
ostracodes (Braun, 1978). Braun included~. meadowlakensis in the
lower part of his DM 4 fauna (p. 269) and considered it to be
Early Eifelian"in age (p. 263). Unfortunately, Braun, too,
misinterpreted older work. It is true that Van Hees (1958, p. 76)
pointed out the morphologic similarities between his specimens of
Welleria and ra:.. aftonensis, a Givetian form. Kesling and Takagi
(1961, p. 28) also noted this similarity when they said of~.
mead~wlakensis: "Because the species closely resembles Welleria
aftonensis. . . and, we believe, the two are closely related, ~.
~adowlakensis is dated as Devonian. II This is a far cry from
confirming a Middle Devonian age, which is what Braun (1978, p. 270)
asserted that these authors did. They said (Kesling and Takagi,
1961, p. 32) that the ostracodes are 'Ipresumed to be Middle
Devonian. 'I They apparently said this because both Buller (1958,
p. 49) and Van Hees (1958, p. 76) considered all of the Elk Point
Group to be Middle Devonian, but this hardly constitutes evidence.
Kesling and Takagi also indulged in long distance correlation.
They noted that both the Winnipegosis Formation and the Rogers City
Formation of the Michigan Basin contain a StrinRoceohalus fauna,
and are, therefore, correlatives. They further said that since the
second unit beneath each of these formations ("Meadow Lake beds"
and Detroit River Group, respectively) contain evaporites, they too
must be correlatives, and since the Detroit River Group is upper
Lower Devonian or lower Middle Devonian, the "Meadow Lake beds" must
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be also (Kesling and Takagi, 1961, p. 41). Braun (1978. p. 270)
cited this as evidence for an Eifelian age of the '~adow Lake
beds.
Braun also cited Rice (1967) who paid particular attention to
the fauna and age of the Fitzgerald Formation. The Fitzgerald is
found in a basin that Rice termed the Bede Embayment and which is
separated from the Elk Point Basin by the Peace River Arch. The
Fitzgerald Formation underlies the Cold Lake Formation just north
of the Peace River Arch, thus occupying the same stratigraphic
position as does the Ernestina Lake Formation in the Elk Point Basin
In addition, the upper part of the Fitzgerald Formation contains a
fauna tha~ consists solely of the ostracode Welleriameadowlakensis.
Thus the Fitzgerald Formation may be considered, at least in part, a
correlative of the Ernestina Lake Formation
The lower part of the Fitzgerald Formation contains both
macrofossils and microfossils. This fauna includes a coral,
several brachiopods, and a number of ostracodes. Aroong the
lacunosa. and Baschkirina sp., all of which are exclusively
Eifelian forms from the Russian platform, and Rishona epicypha and
AcanthoscaDha devonica from the North American Eifelian according
to Rice (1967, p. 59). Rice also stated (1967, p. 49) that
Eifelian ostracodes have been recovered from I~ower Elk Point
evaporites" in the MacKenzie Basin; this terminology was Rice's
informal name for rocks that are correlatives of the Fitzgerald
and Cold Lake Formations of the basin just north of the Peace River
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Arch. These evaporites are overlain by the Chinchaga Formation,
which grades laterally into the Contact Rapids Formation; the upper
part of the latter is a correlative of the Ashern Formation.
With commendable, though perhaps excessive, caution, Rice (1967,
p. 60) concluded, '~e above age appraisapoints to an Eifelian
age for the Fitzgerald Formation, although the evidence is not
directly related to the type Eifelian."
In spite of the lack of direct correlation with the Eifel
region, the evidence for an Eifelian age for the lower Fitzgerald
Formation seems, to me, strong. This means that the upper
Fitzgerald, containing W~lleria meadowlakensis can be no older
than Eifelian; and, therefore, the Ernestina Lake Formation is no
older than Eifelian. Therefore, the Ashern Formation, limited below
by the Eifelian Ernestina Lake Formation and above by the Late
Eifelian to Early Givetian Winnipegosis Formation, must also be
Eifelian in age in north-central Saskatchewan.
It is my opinion that the deposition of the Ashern Formation
resulted from a marine transgression (Walker, 1956, p. 132;
Bassett and Stout, 1967, p. 735). Since this transgression came
from the northwest, the Ashern in North Dakota must be essentially
the same age as, or little younger than, the Ashern in north-central
Saskatchewan. Therefore, it seems likely that the Ashern Formation
in North Dakota is also Eifelian in age.
DEroSITIONAL ENVIRONMENTS AND DIAGENESIS
Introduction
There are few primary features of the Ashern Formation to aid
in making environmental interpretations for deposition of Ashern
sediments. Mbst of the Ashern Formation consists of s featureless
microcrystalline dolostone; much of the remainder is identical
except for the presence of faint, discontinuous laminae. Nevertheless,
it is possible to draw some tentative conclusions as to the
depositional environments of the Ashern
Lower Red Member
Microcrystalline dolomite and minor quartz silt are
characteristic features of both members. The basal red member is
distinguished by color, nodular anhydrite, and occasional
desiccation features. The red color of the beds suggests, but is
not diagnostic of, subaerial origin CWilson, 1915, p. 89-90)
However, nodular anhydrite has not yet been reported from a sub-
aqueous environment, and the combination of features described above
is regarded as being strongly indicative of subaerial, rather than
subaqueous, deposition (Shinn, 1983, p. 208).
There are two plausible models for subaerial deposition of the
lower red member. The first of these, the coastal sabkha, is quite
well known (e.g., Purser, 1973). The second model, the playa lake
or continental sabkha, is unfortunately rather poorly known. Both
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of these models have drawbacks when applied to the Ashern. If the
red member, extending from west-central North Dakota well northward
into Saskatchewan, represents a coastal sabkha, what was the
location of the shoreline at this time? And if it represents a
continental sabkha, where are the extreme variability and abundant
desiccation features associated with this model?
Sabkha is an Arabic word meaning a flat, salt-encrusted desert
(Shearman, 1978, p. 13). The best-known coastal sabkhas are those
on the south shore of the Persian Gulf, which have been extensively
studied for the past quarter century. Good recent summaries are
given by Shearman (1978), Kendall (1979), and Butler et a1. (1982).
Coastal sabkha sequences are characterized by microcrystalline
dolomite, nodular and enterolithic anhydrite, and gypsum "lIRlsh.
Desiccation features and erosion surfaces are also common.
Nodular anhydrite is considered by some authors to be
diagnostic of coastal sabkhas (Friedman and Sanders, 1978, p. 338)
but it has also been reported from a continental sabkha (Kinsman,
p.836). One characteristic of continental sabkha, or playa
lake, deposits is their extreme variability. A wide variety of
evaporite minerals and morphologies are found in this depositional
environment (Schreiber et al., 1982, p. 2). Desiccation features
are common in continental sabkhas also, as are laminated sediments
and halite (Kendall. 1979. p. 146-150)
In the red member of the Ashern microcrystalline dolomite and
nodular anhydrite are present. However, desiccation features
11) are uncommon and erosion surfaces are rare. 'n1e
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variabi~ common to continental sabkhas does not exist in the
Ashern, and laminae are also quite uncommon.
Just south of the Meadow Lake Escarpment, Van Hees (1956,
p. 29) reported a wedge (15 feet thick) of Cold Lake anhydrite
lying between the Red River Formation and the Ashern Formation.
The Ashern can be traced north of the Escarpment for some distance
before it loses its characteristic gamma-ray deflection. Thus, it
seems that the Ashern is related to a Middle Devonian transgression,
and is not the result of continental sedimentation.
Further, the Ashern and Winnipegosis Formations together seem
to represent the transgressive and maximum phases of one trans-
gressive-regressive sequence. The Ashern overlies a major regional
unconformity. The red beds may well represent a supratidal
environment, the gray member a restricted marine-lagoonal
Ofenvironment, and the Winnipegosis a normal marine environment.
course, this does not preclude the red member from being continental
in origi~ but it does seem to be tied in to the overlying sequence
The red member of the Ashern Formation has been found only in
cores from eastern Divide, MCKenzie, and Williams Counties, and
western Mbuntrail and Dunn Counties. It does not exist in western
MCKenzie County or in Golden Valley, Renville, and Bottineau
Counties. In these latter areas, gray sediments directly overlie
the Interlake. It is possible that the area in which the red
member is found (and which contains the Nesson Anticline) was a
peninsula or large island of low relief in the early Ashern sea.
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This sea would then be the source of the carbonate sediments
of the pore fluids that became the agents of early diagenesis
Mbdern coastal sabkha study deals, of necessity, with
The Ashern,regressive successions (i. e., prograding sabkhas).
however, was deposited under transgressive conditions and does not
show progradational stratigraphic relations. &dern sabkhas
known to build rapidly, geologically speaking; progradation rates
of a mile per thousand years have been reported (Shearman, 1978,
p.8). Thus, if the Ashern sabkha built up (rather than out) for
40 or 50 feet and was eventually !'drowned," the rate of marine
flooding must have been quite rapid also. The isopach map of the
Ashern (Fig. 1) reveals that there was basin subsidence during
this time. It is possible that the entire basin was slightly below
sea level, but that the Meadow Lake Escarpment acted as a levee
to keep the ocean out. When this barrier was finally breached,
the basin could have filled relatively rapidly, with the weakly
positive central area remaining emergent for the time necessary to
form the sabkha sediments we now see as the lower red member before
finally being flooded. As sea level rose, the water table under
the sabkha undoubtedly rose also. This may help to explain the
paucity of desiccation features and erosional surfaces in the red
member of the Ashern.
The gray member of the Ashern has even fewer diagnostic features
than does the red member. It is an argillaceous microcrystalline
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dolostone, medium to dark gray, with occasional wispy, dis-
continuous laminae and rare shale partings. Calcispheres are
found in perhaps ten percent of the thin sections of the gray
~mber.
The dark color of the gray member clearly implies a reducing
Iron is present almost exclusively as pyrite, onlyenvironment.
The common pyrite probably contributes to therarely as hematite.
If Wilson (1975, p. 89) is correctdarkness of the dolostone.
that a dark gray carbonate must be the result of conditions that
are more reducing than normal t then the gray member of the Ashern
particularly in the basin center, must have been deposited under
poorly oxygenated conditions.
Calcispheres are of unknown affinities but are currently
thought to be reproductive bodies of green algae. They are
considered by some workers to be virtually diagnostic of
restricted circulation, lagoonal environments (Wray, 1977,
p. 104,133; Scholle, 1978, p. 20)
Therefore, the gray member of the Ashern is interpreted to
have been deposited in an embayment with restricted circulation.
The Meadow Lake Escarpment could havethe Elk Point Basin.
provided the 8ill, or it could have been located farther north, at
the Peace River Arch, for instance Wherever it was located, it
was deep enough to permit a two-way flow; the incoming normal
marine water at the surface and the denser, somewhat hypersaline
It seemswater returning to the marine realm along the bottom.
plausible that this occurred because, with minor exceptions,
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evaporite minerals were not deposited in the basin at this time
One objection that might be raised to this interpretation is
the homogeneity of the sediments, or the lack of primary bedding
or lamination This may be accounted for in at least two ways
First, the basin may have been shallow enough so that storm waves
would periodically churn up the bottom sediments. Second, primary
bedding can be destroyed through bioturbation Either of these
agents would be adequate It may be thought that the total lack
of a preserved biota would rule out bioturbation, but Rhoads and
Mbrse (1971) have shown that, in general, soft-bodied organisms
have a greater tolerance for low oxygen than do shelled animals
There are two anomalies that need to be considered in order to
complete an environmental reconstruction of the Ashern Formation.
The first of these is two areas of halite that are centered in
Thesewestern Mbuntrail County and northeastern Williams County.
rock salts have a combined area on the order of a thousand square
miles, and attain a maximum thickness of 60 feet (18 m). Only one
core from a well (NDGS Well No 35) located on the periphery of
one of these areas, penetrates the salt, and only for a thickness
of 1.5 feet (0.4 m). The halite consists of euhedral crystals
whose maximum dimension is as much as an inch, and is interbedded
with carbonate mud.
This area of salt deposition is near the area of maximum
subsidence during Ashern tilE, and it seems quite possible that
there was a small local depression within the larger basin. This
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local depression would have had the effect of trapping the denser
brine that would normally flow out of the basin along the bottom,
and as this brine became more concentrated, halite could have been
(according to Heckel, 1972, p. 230-231 precipitated. The absence of
sulfate minerals is no bar to the operation of this model, since
these minerals are deposited from well oxygenated waters (Schreiber
et a1., 1982, p. 7) and the presence of pyrite indicates reducing
conditions.
The second anomalous sedimentary deposit has been penetrated
by core from NDGS Well No. 470, in central Golden Valley County.
This core contains an abundance (to 30 percent) of well-rounded,
very fine to very coarse quartz sand in the two or three feet
directly overlying the Interlake Formation.
"Zones ofThis is apparently not uncommon in the record.
rounded, frosted, rather large quartz grains are known from many
sections and probably represent coastal dune and beach sands
reworked in the shallow marine environment" (Wilson, 1975, p.
However, this well is located two hundred miles or more from the
Wind is not competentclosest possible source of clastic sediments.
to transport in suspension quartz grains larger than medium or
medium fine sand size. Therefore, it seems the sand must have been
It is possible that the core from Well No.water transported.
either penetrated an ancient channel or that this area was near a
river mouth that was the source of the quartz sand.
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Depositional History
This, then, is the sequence of events that I envision having
occurred during the time of deposition of the Ashern. Sometime
during the Eifelian, the sea transgressed the Meadow Lake
Escarpment and poured southeastward into what is now North Dakota
It is possible that the basin was already below sea level and filled
with water relatively rapidly. There was, however, a linear positive
area {whether a peninsula, or one or several islands is impossible
to say) that remained emergent during the initial stages of the
On this positive area, coastal sabkhas developedtransgression.
and, for a while, managed to keep pace with the rapidly rising sea
However, thislevel, building up to a depth of as much as 60 feet.
became impossible at some time, probably due to accelerated rates
of subsidence, sea level rise, or both. The entire area then
became a restricted embayment, and gray carbonates (darker gray
in the basin center, lighter gray toward the flanks were deposited.
This direct precipitation of carbonates ceased when the restriction
on basin circulation became reduced sufficiently to permit the
circulation of normal marine waters, and more complete oxygenation
The contact between the Ashern and Winnipegosisof the embayment.
Formations is marked by this change of sedimentological regimes,
possibly due to a temporary cessation in carbonate precipitation
followed by the organic production of carbonates
Primary Sediments
The most obvious and abundant primary sediment in the Ashern
Formation is the precursor to the microcrystalline dolomite that
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presently comprises more than 80 percent by weight of the rock.
There is considerable doubt as to the origin of lime mud, and some
authors (e.g., Wilson, 1975, p. 4-5) assert that most, if not all,
But it is well established that it isis organically derived.
possible to precipitate calcium carbonate out of sea water at
salinities exceeding 72 ppt (Heckel, 1972, p. 231). The a lDX>s t
total lack of fossils in the Ashern would seem to preclude an
organic origin for the carbonate mud, though bacterially catalyzed
or even algal carbonate production is by no means out of the
If the climate during Ashern time were hot and dry,question.
as postulated by Heckel and Witzke (1979, p. 104), and if the
circulation in the basin were indeed restricted, then it would
seem entirely possible that salinities could increase to the point
that direct precipitation of calcium carbonate from sea water would
Portions of the Persian Gulf today have salinitiesresult.
exceeding 100 ppt (Purser and Seibold, 1913, p. 1). Direct
precipitation of calcium carbonate from sea water is, therefore,
postulated for the Ashern sea
The other primary sediments are the clays and the quartz silt.
These will be treated together because I feel that both of these
Quartz silt amounts to one to two percentare wind-transported.
The wind isof the rock, and clays average perhaps 18 percent.
quite capable of transporting these sizes long distances (Wilson,
1975, p. 91), and this seems a reasonable source for the bulk of the
Ashern terrigenous material.
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Dia~enesis
There are three main types of diagenesis in the Ashern Formation.
The first of these, pervasive dolomitization, and the second
Silicification is theanhydritization, are closely interrelated.
Authigenic opaque mineralsthird major diagenetic process.
particularly pyrite, also exist
Both the red and the gray members have been thoroughly
dolomitized, but they Dalst be considered separately because different
The most appropriate modeldolomitization models are applicable.
for the dolomitization of the red member is "evaporative pumping,"
which has been summarized recently by MCKenzie et a1. (1980).
Briefly, this dolomitization model consists of three steps.
The first, flood recharge, is nearshore flooding of the sabkha
Thissurface due to abnormally high tides or wind-driven waters.
fills the available pore space and raises the water table level.
These marine waters drop down to the former level of the water
The second stage, capillarytable relatively quickly.
evaporation, has the effect of lowering the water table and
The third stage is calledconcentrating the contained ions.
evaporative pumping, and refers to the upward flow of ground water
to replace water lost to capillary evaporation. This maintains
the water table level (MCKenzie et a1., 1980, p. 25-26)
As evaporation concentrates the interstitial brines, calcium
carbonate (usually as aragonite) and calcium sulfate (usually as
+f-This uses some of the Ca ionsgypsum) begin to precipitate.
When this ratio exceeds aand drives up the Mg++/Ca++ ratio.
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As thecertain value (around 6 or 7) dolomitization begins.
magnesium replaces the calcium, more Ca++ is freed, and this
combines with remaining sulfate to form new gypsum or (commonly)
In this way, both dolomitization and anhydritizationanhydrite.
proceed together until an equilibrium is reached (Bathurst, 1975
p. 528-530; McKenzie et 81., 1980, p. 27-28). This process begins
anew with the next flood recharge, and further dolomitization and
It has been estimated that about 100anhydritization take place.
to 120 pore volumes of brine (at a concentration of six times
normal sea water) are required to completely dolomitize a given
volume of sediment (Kinsman, 1964, unpublished doctoral thesis,
cited in Bathurst, 1975, p. 530)
Much of the anhydrite found in the sabkha environment is a
replacement of gypsum, though evidence for such replacement is
Anhydrite nodules grow displacively in the sedimentoften lacking.
and display a felted texture in thin section (Kinsman, 1969,
p. 834; Butler, 1969, p. 81; Butler et 81.,1982, p. 36-37).
There are at least two generations of anhydrite in the Ashern.
In addition to the nodules, there are also anhydrite-filled
fractures, mostly in the gray member, which obviously formed post-
lithification.
Dolomitization also took place in the gray member, though not
I have postulated above a restricted lagoonin a sabkha setting.
or embayment in a hot, dry climate as the depositional environment
As the relatively rapid evaporation took place,of the gray member.
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and given the poor circulation, salinities rose to the point that
calcium carbonate began to precipitate, raising the Mg++/Ca++
As it sank,Hypersaline, denser water sank to the bottom.ratio.
it flowed out of the embayment, out over the sill that was covered
by enough water to permit this two-way flow. Thus, this
(relatively) magnesium-enriched brine flowed through the bottom
This is essentially thesediments, dolomitizing as it went.
seepage ref1uxion model of Adams and Rhodes (1960).
The third major diagenetic process is silicification.
Authigenic chert appears in perhaps 10 percent of Ashern thin
For the most part, it is found in the microcrystallinesections.
dolomite matrix, but it was also noted replacing anhydrite in
TheA small amount of megaquartz was also seen.the nodules.
silica source for this silicification is most probably the one or
two percent quartz silt present throughout the formation.
Another diagenetic product is pyrite. Pyrite can form in a
sediment relatively quickly, in a matter of years under normal
It needs a reducingmarine conditions (Berner, 1970, p. 22).
environment in which to form and, in the Ashern, is restricted
almost entirely to the gray member.
CONct.USIONS
The Ashern Formation was validly named in outcrop, traced1.
into North Dakota in the subsurface, is mappable, displays
lithologic homogeneity, and is therefore considered a valid
formation in the North Dakota subsurface.
The Ashern extends over the northwestern one-hal£ -0£2.
North Dakota, and attains a maximum thickness of 180 feet (55
It is thickest off both flanks of the Nesson Anticline,meter.s).
and thins over the anticline.
3. Contrary to the reports of some authors, the Ashern
in North Dakota is neither a shale nor a clastic mudstone, in whole
It is an argillaceous, microcrystalline dolostoneor in part.
throughout its geographic and stratigraphic extent in the state.
The Ashern may be informally divided into a lower red4
The gray member has no expressionmember and an upper gray member.
in outcrop, but is here considered a part of the Ashern Formation
on the basis of lithologic homogeneity.
5. No fossils have been found in the Ashern in North Dakota;
the age of the formation is not directly ascertainable. Based on
stratigraphic relationships, correlations, and datable faunas in
central and northern Alberta and Saskatchewan and southern Northwest
Territories, the Ashern is here considered to be Eifelian in age
No evidence has been adduced for any other age
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The depositional model that best fits the red member is6.
The red member was formed on a linearthat of a coastal sabkha.
The Nesson Anticline probablyfeature in western North Dakota.
formed the backbone of this linear feature, which remained emergent
during the initial Ashern transgression, and was subsequently
flooded as the transgression continued.
The gray member was deposited in a restricted subtidal7.
Where thesetting in the early development of the Elk Point Basin.
red member is absent, the gray member directly overlies the lnter-
lake Formation, and its environment expanded to include the entire
basin when the setting of the red member was inundated in the
continuing Ashern transgression.
The lower contact of the Ashern occurs at a major regional8.
unconformity, and is marked by caliches and brecciation zones in
The upper contact, which is most commonlythe underlying unit.
sharp rather than gradational, does not represent withdrawal of
Rather, it represents a change in depositionalthe sea and exposure.
regime and conditions from the restricted-marine, gray Ashern to
the normal~rine Winnipegosis Formation.
Dolomitization and anhydritization in the red member is9
best accounted for by the evaporative pumping model. The seepage
refluxion model seems most applicable to the gray member.
Silicification is also a common diagenetic process.
APPENDICES
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APPENDIX A
LISTING OF WELLS USED IN ISOPACH ~P
Well information is arranged alphabetically by county and
numerically by North Dakota Geological Survey (NDGS) well number
within counties. Well locations are based on the standard Land
Office Grid System.
In the appendix headings, "Well No." stands for the NDGS
well nU1li>er. "Location" is given as the quarter quarter,
followed by the township (north), the range (west), and the
section. (E.g., NWNE 139-100-9 is the northwest quarter
of the northeast quarter of section 9, Township 139 North,
Range 100 West.) 'nt' is the elevation of the Kelly bushing
in feet above sea level. "Top of Ashern" and "Top of Interlake"
are the depths (in feet) below the Kelly bushing of the tops
of these formations. "Thickness" is the difference, in feet,
between these last two values and is the thickness of the Ashern
Formation.
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APPENDIX B
OORE, 'nIIN SECTION, AND
INSOLUBLE RESmUE DESCRIPTIONS
Core, thin section, and insolubie residue descriptions
are arranged alphabetically by county and in numerical order
by North Dakota Geological Survey (NDGS) well number within
each county. All depths (given in feet below Kelly bushing)
were taken from labels on core boxes stored at the Wilson M.
Laird Core and Sample Library of the NDGS, located on the
campus of the University of North Dakota in Grand Forks.
Core is described in intervals listed at the left margin.
Thin section descriptions are indented and listed by depth.
Depths of samples analyzed for insoluble residues are doubly
indented.
Thin sections are numbered using a binomial system;
e.g., thin section 38-6556 is from NDGS Well No. 38 at a
depth of 6556 feet below Kelly bushing. For the sake of
brevity, only the depth is given in the descriptions in this
appendix.
Core and thin-section description format is rock name
followed by grain size, color, mineralogy, sedimentary structures,
and miscellaneous features. Both thin section and insoluble
residue descriptions list constituents in order of decreasing
abundance. For thin sections, "abundant" means more than 10%
based on visual estimation, "coDBJK>n" is 3-10%, "minor" is
1-3%, and "trace" is less than 1%. For insoluble residues.,
"trace 'I is les s than O. 1%.
Rock names used in core descriptions are according to
Leighton and Pendexter (1962); rock names used in thin section
descriptions are according to Folk (1962). Colors were described
from wet specimens. Numerical designations of color, given in
parentheses, are from the Rock-co1or Chart (Goddard et a1.. 1948).
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BO'rrINEAU OOUNTY
~ No. 38 swt SEt sec. 31. T. 160 N.. R. 81 E.
6532-6548 Dolostone, microcrystalline, olive gray (SY4!3
to SY3!l), irregularly mottled and laminated.
6540 Dolomicrite; minor calcite, angular quartz silt
and fine sand, opaques; trace anhydrite;
laminated in part.
19.3% clay, 0.1% each quartz and anhydrite
trace pyrite, hematite.
6548-6551.5 Missing
6551.5-6555 Dolostone, microcrystalline, light to medium olive
gray (SYS!2 to SY4!2), mottled and laminated.
6551.5 Dolomicritej felted anhydrite (to 25%),
minor calcite, opaques; trace quartz, chert.
6551.5 14.2% clays, 0.4% anhydrite, 0.2% each
pyrite and quartz sand.
6553 Dolomicrite; abundant floating dolomite rhombs,
minor quartz, trace calcite, opaques.
22.5% clays, 0.1% each anhydrite, quartz
sand; trace pyrite.
6555-6568 Dolostone, microcrystalline, dark grayish red
(5R3/2), anhydrite blebs, faint discontinuous
laminae in part, mottled in part.
6556 Dolomicrite; abundant dolomite rhombs, opaques,
silica (to 5% each); minor anhydrite, quartz.
6556 16.3% clays, 0.4% quartz sand, O.2~
anhydrite, 0.1% pyrite.
6568-6572 Dolostone, microcrystalline, light olive gray(5Y5/2) .
6572-6576 Dolostone, as above; much displacive anhydrite,
medium to light gray (N5 to N7) comprising more
than 5010 of the rock.
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6574 Do1omicrite; abundant floating dolomite rhombs;
felted anhydrite (to 50%); opaques (to 10%).
12.8% clays, 0.3% anhydrite, trace
quartz sand, pyrite.
6576-6579.5 Dolostone, microcrystalline, moderate brown
(5YR3/4) , abundant displacive anhydrite, light
gray (N7), unconformity at base.
6579.5-6582.5 Dolostone, microcrystalline, dark reddish
brown (lOR3/4), grading downward to moderate
reddish brown (lOR4/6); blebs of light gray
(N7) anhydrite.
6580 Dolomicrite, abundant floating dolomite rhombs,
abundant (to 50%) felted and blocky anhydrite;
minor calcite, trace quartz, opaques; some
silicification of anhydrite.
21.0% clays, 0.5% anhydrite, 0.1% quartz
sand, trace pyrite.
6582.5 Dolomicrite; blocky and lath-shaped anhydrite
(to 15%); most dolomite neomorphosed to
microspar; minor subangular to rounded
quartz silt to coarse sand.
5 7.5% clays, 6.3% anhydrite, trace
quartz sand.
6582.5 Top Interlake Formation
NDGS No. 6535 NE}. HE}. sec. 2. T. 161 N.. R. 83 W.
6783-6803.5 Dolostone, microcrystalline, mottled dark
gray (N3 to N4) and olive gray to light olive
gray (5Y4/l to 5Y6/l); laminations, pseudo-
brecciation; frequent shale partings from 6788
to 6794; occasional crusts.
6788.5 Dolomicrite, zones of dolomite rhombs and
microspar; microstylolites; minor opaques,
angular quartz silt and fine sand.
6788.5 28.6% clays, trace anhydrite, quartz
sand, hematite.
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6802 Dolomicrite; floating dolomite rhombs, calcite
(to 10%), minor opaques, angular quartz silt
and fine sand.
25.7% clays, 0.2% anhydrite, 0.2% quartz
sand, trace mica.
6803.5-6810.5 Dolostone, microcrystalline, very dusky
red (lOR2/2) grading downward to dusky red
(5R3/4) with bluish gray (5B4/l) mottling;
pseudobrecciation at top, calcitic in part.
6804 Dolomicrite, abundant floating dolomite rhombs,
microspar; calcite (to 40%); trace opaques and
angular to subrounded quartz silt and fine sand.
17.0% clays, trace quartz sand, anhydrite.
6804.5 Dolomicrite, as above; dolomite and calcite
subequal.
6804.5 16.0% clays, 0.1% anhydrite, 0.11
quartz sam.
6810.5-6818 Dolostone, microcrystalline, grayish black
(N2) to blackish red (5R2/2); faintly laminated,
pseudobrecciation at base.
6815 Dolomicrite, abundant floating dolomite rhombs,
minor angular to sub rounded quartz silt and
fine sand, trace anhydrite and opaques.
6815 27.6% clays, 0.1% anhydrite, trace
quartz sand.
6817 Dolomicrite; calcite (to 30t); minor opaques,
quartz silt and fine sand, trace anhydrite.
6817 21.5% clays, 0.1% anhydrite, trace
quartz sand, hematite.
6818 End core.
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CAVALmR OOUNTY
NDGS No. 27 NEt NEt sec. 28. T. 159 N.. R. 63 W.
Subsequent to describing this core, it was determined that these
rocks are not assignable to the Ashern Formation. The core,
thin section, and insoluble residue descriptions are included
for the sake of completeness.
2270-2271 Dolostone, microcrystalline, moderate orange
pink (lOR7/4), mottled, fossiliferous, moldic
porosity.
2270 Dolomicrite, pseudospar in part; minor calcite,
angular to subrounded quartz silt and fine
sand, trace opaques; locally mottled and
hematite-stained.
4.01. clays, 0.21. quartz sand
2270.5 Dolomicrite, as above; opaques and quartz
concentrated in layers.
2270.5 11.1% clays, 0.5% hematite, 0.11
quartz sand.
2270.7 Dolomicrite, floating dolomite rhombs, pseudo-
spar; minor angular quartz silt and fine
sand, opaques.
2270.7 12.7% clays, 0.3% quartz sand, trace
hematite.
2271-2284.5 Dolostone, microcrystalline, variably dusky
red (5R2.5/4) to reddish orange (lOR7/6) to
yellowish orange (lOYR7/6); variably mottled
banded, occasionally laminated; somewhat
calcitic.
2271 Dolomicrite, pseudospar; minor quartz silt and
fine to medium sand and opaques concentrated
in horizontal layers, minor calcite.
16.3% clays, 0.2% quartz sand, trace
hematite.
2273 Dolomicrite, as above; abundant small dolomite
rhombs.
21.6% clays, O.4X quartz sand, trace
hematite.
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2279 15.7% clays, 0.8% quartz sand
2284.5-2294.5 Dolostone, as above; frequent horizontal
calcite-filled fractures.
2290.5 Dolomicrite, some pseudospar; spar calcite
filling fractures and voids; abundant (to l5~)
angular to rounded quartz silt to medium
sand; trace opaques.
2290.5 18.7% clays, 1.8% quartz sand, trace
hematite.
14.0% clays, 3.6% quartz sand, trace
hematite.
2294.5-2300 Dolostone, as above; small, pale spherical
areas.
2297.5 Dolomicrite, silt-sized floating dolomite
rhombs; minor angular to subrounded quartz
silt and fine sand; calcite; trace opaques
2297.5 46.0% clays, 0.2% quartz sand, trace
pyrite.
2300-2308.5 Dolostone, as above; spheres absent
2302 Dolomicrite, as above; calcitic (to lO~).
34.0% clays, 0.4% quartz sand
2303 Dolomicrite; angular to rounded quartz silt to
medium sand, increasing downward; laminated,
hematite-stained in lower part.
21.5% clays, 2.8% quartz sand, trace
hematite.
2307 Dolomicrite, as above; calcite (to lO~),
quartz silt and fine to medium sand (to 57.).
8.8% clays, 1.6% quartz sand, trace
hematite.
2308.5-2312 Dolostone, microcrystalline, variegated, very
dark red (5R2/6) to pale red (lOR6/2), dusky
yellow (5Y6/4) to pale olive (lOY6/2);
laminated, mottled, zones of brecciation,
flat-pebble conglomerates.
2312 Top Interlake Formation.
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DIVIDE COUNTY
NPGS No. 5246 NEt. NEt. sec. 5. T. 161 N.. R. 95 W.
10311-10343.5 Dolostone, microcrystalline, light to
dark gray, faintly laminated in part,
calcitic in part, occasional mottling.
10311 Do lomicri te , common floating dolomite rhombs
minor opaques, trace quartz silt, anhydrite;
faintly laminated.
10311 23.9% clays, trace quartz sand., anhydri te,
pyrite.
10317 Dolomicrite, as above.
10317 28.8% clays, trace pyrite, quartz sand.
10319 Dolomicrite, as above; slightly calcitic.
10324 Dolomicrite, abundant floating dolomite
rhombs, trace anhydrite, quartz silt;
laminated and mottled zones.
10324 21.2% clays, trace quartz sand and
anhydrite.
Dolomicrite, as above; slightly calcitic,
trace opaques.
10334 Dolomicrite, as above; trace anhydrite.
10334 23.1% clays, trace quartz sand, anhydrite.
10338 27.3% clays, trace anhydrite, quartz
sand, pyrite.
10343.5-10347 Dolostone, microcrystalline, reddish brown;
calcitic in part; wispy pale pink anhydrite;
pseudobrecciated zone at top.
Dolomicrite, floating dolomite rhombs, some
replaced by anhydrite; zones of larger
carbonate grains; mottled in part.
10345 9.1% clays, 0.6% anhydrite, trace
hematite.
10346 Dolomicrite, as above; minor angular quartz silt
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10346 20.5~ clays, trace quartz sand, anhydrite.
10347-10356.5 Dolostone, microcrystalline, olive gray,
faintly laminated wispy anhydrite in places.
10356.5-10358 Dolostone, as above; reddish gray
10358-10372.5 Dolostone, microcrystalline, dark gray with
reddish tints in places, calcitic in part;
anhydrite blebs, horizontally compressed.
10365.5 Do1omicrite, abundant floating dolomite
rhombs; lath-shaped anhydrite (to 10~),
minor opaques, trace quartz silt and calcite
10365.5 30.2% clays, 0.1% anhydrite, trace
quartz sand, euhedral pyrite.
10372.5-10376.5 Dolostone, microcrystalline, reddish gray
to gray, calcitic in part, more or less
strongly laminated; occasional shale
partings, brecciated zone near base,
abundant light gray anhydrite nodules
in beds.
10374 Dolomicrite, floating dolomite rhombs, minor
quartz silt and fine sand, trace opaques.
10374 35.3% clays, trace quartz sand, anhydrite.
10375 Dolomicrite, as above; trace calcite
10375 20.9~ clays, l.2~ anhydrite.
10376 Dolomicrite, floating dolomite rhombs and
rounded carbonate clasts, some reddened;
minor anhydrite, quartz silt and fine sand,
opaques.
10376 17.0% clays, 0.1% anhydrite, trace
quartz sand, pyrite.
10376.5-10380 Dolostone, microcrystalline, orange-red;
faintly laminated in part.
10378 Dolomicrite, floating dolomite rhombs, carbonate
clasts, some reddened; minor quartz silt and
opaques; cryptalgal laminae; blocky anhydrite
filling vertical fracture.
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10378 13.6% clays, trace quartz sand, anhydrite
10380 End core
DUNN COUNTY
NDGS No. 505 SEt. NEt. sec. 6. T. 141 N.. R. 94 W.
From the upper contact to a depth of 11218 feet, "representative"
core was present, rather than continuous core. From 11218 to
11264 feet there was no core. Below 11264 feet 1" diameter core
was taken; this core was unlabelled and had apparently been
shaken vigorously, so that no depth assignment within a box
was possible.
11202-11218 Dolostone, microcrystalline, medium dark
gray to dark greenish gray, calcitic in
part, mottled and laminated in part,
minor wispy anhydri te.
11202 Do lomicri te , floating dolomite rhombs,
angular to rounded quartz silt and fine
sand (to 5%), opaques (to 5%) compressed
in plane of bedding, minor calcite,
microstylolites, calcisphere.
11202 21.8% clays, 0.4% quartz sand, 0.1%
anhydrite.
11203 Dolomicrite; opaques (to 5%) concentrated in
layers; minor calcite, quartz silt and fine
sand.
11203 21.9% clays, trace quartz sand,
anhydrite, pyrite.
11209 Dolomicrite, zones of angular quartz silt and
fine sand, carbonate clasts, floating dolo-
mite rhombs, minor opaques, calcite.
11209 18.4% clays, 0.1% anhydrite, trace
quartz sand, pyrite.
11214 Dolomicrite, lath-shaped anhydrite (to 5%),
minor angular to subrounded quartz silt and
fine sand, opaques, authigenic chert.
11214 24.6% clays, 0.2% anhydrite, trace quartz
sand.
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11218-11264 Missing.
11264-11302 Dolostone, microcrystalline, dark gray,
calcitic in part.
11264-11278 Dolomicritej authigenic chert, minor
quartz and opaques.
11264-11278 Dolomicrite; minor calcite, quartz;
trace opaques, calcispheres.
11264-11278 25.1% clays, trace quartz sand
anhydrite.
11278-11294 Dolomicrite; minor quartz silt and fine
sand, calcite, chert.
11278-11294 23.9% clays, trace quart sand,
anhydrite.
11294-11303 Dolomicrite, floating dolomite rhombs,
angular to rounded quartz silt and fine
sand; authigenic chert; trace calcite,
opaques.
11294-11303 29.4% clays, 0.2% anhydrite,
trace quartz sand.
11302-11317 Dolostone, microcrystalline, reddish brown,
layers of small compressed anhydrite nodules
11303-11317 Dolomicrite, floating dolomite rhombs;
angular to subrounded quartz silt to
medium sand; carbonate clasts; "spar"
dolomite filling fractures and voids;
felted anhydrite; chert replacing dolo-
mite and anhydrite.
11303-11317 33.7% clays, 0.3% anhydrite, 0.3'0 quartz
sand, trace pyrite.
11317 Top Interlake Formation.
NDGS No. 793 SEt. NWt. sec. 22. T. 149 N.. R. 91 W.
11568-11574.5 Dolostone, microcrystalline, medium gray to
medium dark gray (NS to N4), mottled in part,
faintly laminated in part.
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11573 Dolomicrite, occasional floating dolomite
rhombs; displacive anhydrite; authigenic
chert and chalcedony; trace opaques, quartz
silt.
11S13 21.6% clays
11574.5-11580 Dolostone, as above; grayish black (N2)
11580-11594.5 Dolostone, as above; dark olive gray (5Y2!1).
calcitic near top; core missing 11592-11593.
11582 Dolomicrite; zones of larger carbonate grains
and dolomite rhombs; opaques (to 3%); minor
quartz silt and fine sand; ~crostylolites.
11582 26.3% clays, trace anhydrite, quartz
and, pyrite.
11594.5-11633 Dolostone, as above; orange (10R7/6)
anhydrite filling fractures and vugs;
lighter gray (N5) zone at 11625-11626
with brecciation at top.
11601.5 Dolomicrite; "spar" dolomite and anhydrite
filling voids; minor halite, calcite,
opaques; trace quartz silt and fine sand.
11601.5 23.9% clays, 0.8% anhydrite, 0.1%
quartz sand, trace pyrite.
11624.5 Dolomicrite; blocky and lath-shaped
anhydrite (to 10%); minor opaques and quartz
silt and fine sand; calcispheres.
11624.5 22.6% clays, 0.2% anhydrite, trace
quartz sand.
11625 Dolomicrite, as above
11625 22.8% clays, 0.5% anhydrite, O.IX
quartz sand.
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GOLDEN VALLEY COUNTY
NIx;S No. 470 NEt SEt sec. 15. T. 140 N.. R. 105 W.
11007-11011 Dolostone, microcrystalline, dark olive
gray (5Y4/l) with grayish red purple (5RP4/2)
and olive green (5GY5/2) mottling; occasional
sand- and granule-sized carbonate clasts.
11009 Dolomicrite, trace dolomite rhombs, angular
quartz silt and fine sand, opaques.
11009 30.6% clays, 0.2% quartz sand.
11011-11020.5 Dolostone, microcrystalline, brownish gray
(5YR4/1) with grayish red purple (5RP4/2)
and olive green (5GY5/2) mottling; occasional
carbonate clasts increasing in abundance
downward; occasional thin laminated zones.
11012 Dolomicrite; minor subangular to rounded
quartz silt to coarse sand, opaques; trace
silt- to fine sand-sized carbonate clasts.
22.4% clays, 2.9% quartz sand, trace
anhydrite, hematite.
11017 Dolomicrite, as above.
23.7% clays, 0.5% quartz sand, trace
chert, anhydrite, hematite.
11019 Sandy dolomicrite; subangular to rounded
quartz silt to medium sand (to 10%); trace
carbonate clasts, chert, opaques, dolomite
rhombs.
11019 16.6% clays, 3.8% quartz sand, 0.4%
chert.
11020 Dolomicritej trace quartz sand, opaques.
11020 29.410 clays, 0.3% fine to coarse
quartz sand, trace hematite.
11020.5-11022.5 Sandy dolostone, microcrystalline, grayish
red purple (5RP4/2); abundant large
(granule- to pebble-sized) carbonate
grains.
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11021 Sandy dolomicrite; fine to very coarse
quartz sand (to 30%), subangular to well-
rounded; trace chert, ~gaquartz, hematite,
anhydri te, do lomi te rhombs.
25.1% very fine to coarse quartz sand
16.1% clays.
11022.5 Top Interlake Formation.
MCKENZ IE COUNTY
NDGS No. 147 NW.t; NW.t; sec. 15. T. 152 N.- R. 96 W.
12160-12162 Dolostone, cryptocrystalline, medium grayish
black (N2.5.), some nodules of light to medium
gray (N7.5 to N5) anhydrite; vertical fractures
partially or completely filled with pinkish
orange (lOR6/5) anhydrite and halite;
occasional halite-filled vugs.
12162-12165 Core missing.
12165-12199 Dolostone, as above; occasional laminated zones.
12169 Dolomicrite; occasional floating dolomite rhombs;
abundant felted and blocky anhydrite; trace
angular quartz silt, opaques, and calcispheres;
discontinuous microstylolites.
12169 l2.8~ clays, 1.8% anhydrite, trace pyrite.
12170 Dolomicrite, as above; some silicification of
anhydrite and calcispheres.
12170 18.0% clays, 0.3% anhydrite, trace quartz
sand.
12183.5 Dolomicrite, abundant floating dolomite
rhombs, minor angular quartz silt and
authigenic chert.
12183.5 23.4% clays, trace quartz sand and
anhydrite.
12189 Dolomicrite, as above.
33.3% clays, 0.2% anhydrite.
12196 18.1% clays, 12.5% anhydrite, trace
auartz sand.
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12199-12218 Core missing.
12218-12238 Dolostone, microcrystalline, dusky red
(5R3/4) to grayish red (lOR4/2); zones of
grayish pink (lOR7.5/3) anhydrite and
occasional dusky green (5G3/2) shale partings.
12219 Dolomicrite; minor calcite, felted anydrite;
angular quartz silt; laminated in part; some
chertification of anhydrite.
12219 18.1% clays, 2.0% anhydrite, trace
quartz sand.
12222 Dolomicrite, as above; floating dolomite
rhombs and red-stained carbonate clasts;
quartz silt and fine sand (to 5%).
12222 13.1% clays, 0.7% anhydrite, 0.17-
quartz sand.
12230.5 Dolomicrite; angular quartz silt and fine
sand; carbonate clasts; laminated and
mottled in part.
12230.5 21.9% clays, 2.7% anhydrite, trace
quartz sand.
12234.5 Dolomicrite, as above; few dolomite rhombs.
12234.5 15.2% clays, 0.2% quartz sand, trace
anhydrite, hematite.
12236 Dolomicrite; floating dolomite rhombs,
lath-shaped anhydrite; angular quartz silt
and fine sand (to 3%); laminated in part;
some silicification of anhydrite.
12236 13.8% clays, 2.7% anhydrite, trace
quartz sand.
12238-12240.5 Dolostone, microcrystalline, grading from
very light gray (N8) through grayish
orange (lOYR7 /3) to dark reddish brown
(lOR3/4).
12238 Dolomicrite; occasional quartz silt and fine
sand, carbonate clasts; hematite-stained
laminae and mottling.
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12238 12.0% clays, 0.2% quartz sand, trace
hematite, pyrite.
12240.5-12242.7 Dolostone, microcrystalline, pale red
(lOR6/2 and 5R6/2), shaly.
12242.7 Top Interlake Formation
NDGS No. 2602 SE-t. NE-t. sec. 6. T. 153 N.. R. 95 W.
11515-11519 Dolostone, microcrystalline, dark reddish
brown (lOR3/4), highly fractured, a few
shale partings.
11519-11519..7 Shale at top, thin (5 cm), very dusky red
purple (5RP2!2); dolostone at base, grading
from very dusky red purple (5RP2!2) to pale
olive (lOY6!2).
11519.7-11530 Dolostone, microcrystalline, grading
downward from reddish brown (lOR4/4) to
grayish red (lOR4/2), shaly, laminated
and mottled in part, occasional shale
partings.
11520 17.5% clays, trace quartz sand, anhydrite.
11527 9.4% clays, trace quartz sand, anhydrite,
hematite.
11529 8.1% clays, trace quartz sand, anhydrite.
11530 Top Interlake Formation
NDGS No. 2839 SEt. NWt. sec. 30. T. 153 N.. R. 94 W.
11985-11990.5 Dolostone. microcrystalline. grayish red
(10R4/2) with dark reddish brown (10R3/4)
mottling. faintly laminated.
11986 Dolomicri te; small floating dolomite rhombs,
some concentrated in layers; carbonate clasts;
angular to subrounded quartz silt and fine sand
11986 11.9% clays, trace quartz sand, anhydrite.
11990.5 Dolomicrite; floating dolomite rhombs; abundant
carbonate clasts; angular to subangular quartz
silt and fine sand; minor opaques.
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11990.5 10.1% clays, 0.2% quartz sand (many
grains terminated), trace anhydrite.
11990.5 Top Interlake Formation.
NDGS No. 6207 NW.t. NE.t. sec. 27. T. 153 N.. R. 95 W.
12045-12047.5 Dolostone, microcrystalline, moderate
yellowish brown (lOYRS/4), faintly laminated;
two shale partings, medium dark gray (N4).
12047.5 Top Interlake Formation.
NDGS No. 6514 NWt. SEt. sec. 27. T. 153 N.. R. 95 W.
12025-12030 Dolostone, microcrystalline, reddish brown
(lOR3/4 to lORS/3), faintly laminated.
12029.5 Dolomicrite; trace angular quartz silt,
opaques, carbonate clasts.
12029.5 7.11. clays
12030-12032.5 Dolostone, microcrystalline, grayish pink
(5R7/l) with grayish yellow green (5GY7/1)
mottling at top; brecciated zone at base.
12032.5 Dolomicrite; trace angular quartz silt,
large (to coarse sand size) carbonate
clasts; calcite and anhydrite fracture
filling.
12032.5 5.4X clays, 1.5% anhydrite.
12032.5 Top Interlake Formation.
12032.7 0.3% anhydrite, trace clays.
NDGS No. 6793 NEt. SEt. sec. 28. T. 153 N.. R. 95 W.
12008-12010.5 Dolostone, microcrystalline, dark reddish
brown (lOR3.5/4) with pale pink (lOR7.5/4)
anhydrite nodules, grading downward to
mottled pale red (lOR6/2) and pale reddish
brown (lOR6/4) dolostone.
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12010 Dolomicrite, floating dolomite rhombs;
trace angular quartz silt; microstylolites.
12010 19.2% clays, trace quartz sand, anhydrite
12010.5-12014 Dolostone, microcrystalline, olive gray
(5Y5.5/2), faint mottling.
2012 Dolomicrite; floating dolomite rhombs, minor
angular quartz silt.
12012 47.5% clays, trace quartz sand,
anhydrite.
12014-12020 Dolostone, microcrystalline, dark to moderate
reddish brown (lOR3/4 to lOR4/4); zones of
grayish pink (lORB/2) anhydrite nodules;
zones of faint laminations and vertical
fractures.
12020-12024 Dolostone, microcrystalline, grayish red
(5R4/3) grading downward to pale red (5R6/4);
zones of faint laminations, mottling, and
brecciation.
12024-12028 Dolostone, cryptocrystalline, pale grayish
red (lORS/2) to pale reddish brown (lOR6/4);
zones of faint mottling, laminations,
brecciation zone at base.
12025 Dolomicrite; intraclasts, minor quartz silt
12025 7.9% clays, trace quartz sand, anhydrite.
12028 Dolomicrite, abundant extraclasts, angular to
well-rounded; minor angular quartz silt.
12028 6.9% clays, trace quartz sand, anhydrite,
pyrite.
12028 Top Interlake Formation.
NDGS No. 6839 NEt SEt sec. 11. T. 150 N.. R. 104 W.
Dolostone, microcrystalline, dark gray (N2.5)
faintly laminated, grading downward to
lighter gray (N4).
11798-11816.5
11801 Dolomicrite, slightly calcitic; floating
dolomite rhombs, trace opaques.
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11801 25.1% clays, trace quartz sand, anhydrite,
pyrite.
11816.5-11821.5 Dolostone, microcrystalline, yellowish
brown (lOYR5/2) with pale yellowish
brown (lOYR6/2) mottling; occasional
brecciation zones and thin shale partings.
11811 Dolomicrite, mostly recrystallized, slightly
calcitic; abundant floating dolomite rhombs,
trace quartz sand, anhydrite.
1.81.7 11.4% clays, 4.7% anhydrite
11821.5-11828 Dolostone, microcrystalline, pinkish gray
(5R7/2); argillaceous laminations; anhydrite
nodules, blebs, fracture and void filling;
abundant large (to 5 mm) carbonate clasts
toward base.
11822.5 Dolomicrite, minor felted anhydrite, trace
quartz silt, opaques; abundant floating
dolomite rhombs.
11822.5 28.3% clays, 2.2% anhydrite.
11827.7 Dolomicrite, much recrystallized; floating
dolomite rhombs; abundant carbonate extra-
clasts, some containing peloids; trace
anhydrite, quartz silt, opaques, chert.
11827.7 15.3% clays, 1.7% anhydrite, trace
quartz sand.
11828 Top Interlake Formation.
~UNTRAD. COUNTY
NDGS No. 5088 NE~ NW~ sec. 35. T. 156 N.. R. 93 W.
12230-12231 Dolostone, microcrystalline, tan, mottled.
12231 Top Ashern Formation.
12231-12239 Dolostone, microcrystalline, olive gray
(5Y3/2 to 5Y5/2) with medium gray (N4 to N5)
mottles; brecciated, extensively fractured.
12231 Dolomicrite; minor calcite; trace quartz silt
and fine sand; zones of fine-grained opaques.
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12231 11.4% clays, trace quartz sand, anhydrite,
pyrite.
12232 Dolomicrite, as above
12232 14.2% clays, trace quartz sand, anhydrite.
12239-12246 Dolostone, microcrystalline, light to dark
olive gray (5Y5/2 to 5Y3/2); faint to strong
dark gray (N2) laminations; mottled in part.
12245 Dolomicrite; minor felted anhydrite, trace
quartz silt and fine sand.
12245 16.2% clays, trace quartz sand, anhydrite.
12246 Dolomicrite; silt-sized carbonate clasts,
minor calcite, opaques, quartz silt and fine
sand.
19.5% clays, trace anhydrite, quartz sand.
12246 End core.
RAMSEY COUNTY
mx;s No. 20 NEt. sec. 29. T. 158 N.. R. 62 W.
Subsequent to describing this core, it was determined that
these rocks are not assignable to the Ashern Formation.
The core, thin section, and insoluble residue descriptions
are included for the sake of completeness.
2101.3-2103.2 Dolostone, microcrystalline, pale reddish
brown (lORS/4) with blackish red (5R2/2)
staining and pinkish gray (5YR8/1) mottling
in top 0.3 ft.; reddish purple (5RP5/2)
with flow structures below.
2102 Dolomicrite; floating dolomite rhombs; angular
to subrounded quartz silt and fine sand (to 5%);
minor calcite, trace opaques; strong hematite
staining along fractures.
15.5% clays, 0.4% quartz sand, trace
hematite.
2103 Dolomicrite, as above; less quartz, calcite
153
2103 18.9% clays, 0.4% quartz sand, trace
anhydrite, hematite.
2103.2-2105 Dolostone, microcrystalline, pale grayish
red (lORS/2) to moderate reddish brown
(lOR4/6) with mottles of blackish red
(SR2/2) to dark brownish red (lOR3/4).
Dolostone, microcrystalline, banded reddish
brown (lOR4/4), dark reddish brown (lOR3/4),
and light olive gray (SYS/2).
2105-2105.7
Dolostone, microcrystalline, reddish brown
(lOR4!6 grading downward to lOR4!4),
IOOttled and banded.
2105.7-2108.5
Dolostone, microcrystalline, dark reddish
brown (lOR3/6), locally mottled.
2108.5-2112
2112-2115 Dolostone, as above, with light reddish orange
(lOR7/6) zones along fractures.
Dolostone, as above; horizontal
calcite-filled fractures.
2115-2119.5
Dolomicrite; floating dolomite rhombs, minor
angular to subangular quartz silt and fine sand.
18.6% clays, 0.2% quartz sand.2115
Dolomicrite; floating dolomite rhombs; minor
angular to sub rounded quartz silt and fine
sand; trace opaques; laminated and hema ti te
stained in part;' "spar" dolomite fracture
filling; few carbonate clasts.
2119 24.6% clays, 0.5% quartz sand, trace
hematite.
Dolostone, as above; slightly calcitic
no mottling or laminations.
2119.5-2132.8
Dolomicrite; abundant floating dolomite rhombs;
minor calcite, angular to rounded quartz silt
and fine sand; trace opaques; occasional large
carbonate clasts; "spar" dolomite fi lling
fractures.
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24.9% clays, 1.0% quartz sand, trace
hematite.
2132.8-2134.5 Dolostone, microcrystalline; variegated
very dark red (SR2!S), moderate reddish
orange (lOR6!6), grayish purple (SP4!2),
pale red purple (SRP6!2), and pale green
(lOG6!2); mottled, laminated; slightly
calcitic; anhydrite nodules near top.
Dolomicrite; minor calcite, angular quartz silt
and fine sand; mottled with hematite-stained
and non-stained areas.
2133
56.8% clays, 1.3% anhydrite, 0.5% quartz
sand, trace hematite.
2133.2 Dolomicrite; calcitic (to 25%); minor opaques;
trace quartz silt; faint laminae, mottling.
50.3% clays, trace quartz sand, anhydrite,
hematite.
2133.2
2133.5 Dolomicrite; calcitic (to 5%); trace quartz
silt, opaques; zones of floatingdolomite
rhombs and carbonate clasts; areas of
hematite staining bounded by microstylolites.
2133.5 13.9% clays, 0.1% quartz sand, trace
hematite.
Dolostone, microcrystalline, dark reddish
brown (lOR3/6) with moderate reddish orange
(lOR6/6) mottling; slightly calcitic 0"
2134.5-2148.9
Dolomicrite; minor angular to subangular
quartz silt and fine sand; strongly hematite
stained; "spar" dolomite filling fractures.
2136.5
2136.5 19.8% clays, 0.3% quartz sand, trace
hematite.
Dolostone, microcrystalline; mottled dark
red purple (SRP2/2), pale reddish brown
(lORS/4) , and pale grayish orange (lOYR8/4)
2148.9-2150
Dolomicrite; calcite and opaques (to 5% each);
minor floating dolomite rhombs, carbonate clasts;
trace angular quartz silt and fine sand;
hematite-stained laminae.
2149
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15.9% clays, trace hematite, quartz sand.
2149.5 Dolomicrite; calcite (to 5%); minor opaques,
floating dolomite rhombs; trace quartz silt
and fine sand.
2149.5 15.8% clays, trace anhydrite, quartz
sand, hematite.
2150 Top Interlake Formation
RENVn.LECOUNTY
NElr. NWlr. sec. 2. T. 161 N.. R. 85 W.NDGS No. 6684
Dolostone, microcrystalline; light gray
(N6 to N7); brecciated, mottled.
7528.8-7529.8
Dolomicrite; occasional floating dolomite
rhombs; minor quartz s il t and fine sand,
opaques; zones of microspar; extensively
mottled.
7529
14.6% clays, 0.5% anhydrite, 0.1% quartz
sand, 0.1% pyrite.
Dolomicrite, as above; faintly laminated7529.5
21.6% clays, 0.1% quartz sand, 0.1%
pyrite, trace anhydrite.
7529.5
7529.8 Top Ashern Formation
Dolostone, microcrystalline; medium dark
gray to dark gray (N4 to N3); dark grayish
red (5R3/2) in part; faint laminations in
part; abundant dish structures at 7533.
7529.8-7547.5
Dolomicrite; calcite (to 10%); minor angular
quartz silt and fine sand, opaques, anhydrite.
7530
7530 21.9% clays, 0.1% pyrite, trace quartz
sand, anhydrite.
7533 Dolomicrite; floating dolomite rhombs, opaques
(to 5%); minor calcite, angular quartz silt and
fine sand; mottled; dishes composed of laminae
of very fine-grained opaques.
156
7533 26.3% clays, trace quartz sand,
anhydrite, pyrite.
Dolomicrite, floating dolomite rhombs; minor
quartz silt and fine sand, opaques; trace
anhydrite.
7535.5
7535.5 21.6% clays, trace anhydrite, quartz
sand, pyrite.
Dolomicrite, abundant floating dolomite rhombs;
minor opaques; trace anhydrite, quartz sand.
Dolostone, as above; olive gray to dark olive
gray (SY4!1 to SY3!1).
7547.5-7550
Do lomicri te , as above; minoE felted and
lath-shaped anhydrite, trace quartz silt
and fine sand.
7548.5
7548.2 27.1% clays, 0.1% anhydrite, trace
quartz sand.
Dolostone, microcrystalline, grayish red (SR5/2),
dusky red (SR3/4), dark reddish gray (lOR3/4),
dark gray (N3), and medium dark gray (N4), with
mottles of bluish gray (SB6/1) to dark bluish
gray (SB3/l); calcitic in part, laminated in
part.
7550-7569
Dolomicrite; abundant floating dolomite rhombs;
minor authigenic chert, calcite; trace anhydrite,
quartz sand, opaques.
7559 22.210 clays, 0.2% anhydrite, trace
quartz sand, pyrite.
Dolomicrite; abundant floating dolomite rhombs;
trace calcite, angular to subrounded quartz
silt and fine sand, opaques.
7562 22.0% clays, trace anhydrite, quartz sand
7569 Dolomicrite, as above.
7569 27.2% clays, 0.1% quartz sand, trace
anhydrite.
7569 End core.
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WELLS COUNTY
207 SE~ SE~ sec. 27. T. 146 N.. R. 73 W.NDGS No.
Subsequent to describing this core, it was determined that
these rocks are not assignable to the Ashern Formation.
The core, thin section, and insoluble residue descriptions
are included for the sake of completeness.
Dolostone, microcrystalline, dark reddish
brown (lOR3/5) with reddish brown (lOR6.5/4)
IOOttles.
4618-4619.5
4619.5-4624.5 Dolostone, microcrystalline, dark reddish
brown (lOR3/5) with pale red (lORS .5/2)
zones along fractures; bands of pale
olive (lOY6/2) and yellowish gray (5Y7/2)
4620 Dolomicrite; minor angular to rounded quartz
silt to medium sand, calcite, opaques; zones
of concentration of floating dolomite rhombs
and quartz; zones of hematite staining;
few carbonate clasts.
4620 17.7% clays, 1.1% quartz sand, trace
hematite.
4624.5-4629 Dolostone, microcrystalline, mottled reddish
brown (lORJ.5/5) and grayish red (lOR4/2).
4625 Dolomicrite, as above; no calcite, trace
anhydrite.
4625 26.7% clays, 1.3% quartz sand, 0.11
hematite, trace anhydrite.
4629-4631.5 Dolostone, microcrystalline, mottled pale
yellowish green (lOGY7/2) and red purple
(5RP5/2).
Dolostone, microcrystalline, dark grayish
red (lOR3/2) with pale olive (lOY6/2) banding.
4631.5-4637
4632 Dolomicrite; angular to subrounded quartz silt
to medium sand (to 5%); minor opaques; floating
dolomite rhombs, carbonate clasts; areas of
hematite staining, especially along fractures.
4632 31.2% clays, 2.0% quartz sand, trace
hematite.
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Dolomicrite, as above; quartz to lOX4633
4633 24.8% clays, 3.0% quartz sand, trace
anhydrite.
4637-4658 Dolostone, microcrystalline, variegated
grayish green (5G5/2), dark grayish red
(5&3/2), pale pink (lOR7.5/2) dark gray
(N2.5), pale olive (lOY6/2), grayish olive
(lOY3.5/2), grayish red purple (5RP4/2 to
5RP5/2), pale yellowish brown (lOYR6/4),
and grayish orange (lOYR7/4), variously
mottled and laminated.
Dolomicrite; minor quartz silt and fine
sand, trace opaques; few carbonate clasts;
hematite staining and mottling.
41.3% clays, 0.210 quartz sand.4645
Dolomicrite; minor calcite; trace angular
quartz silt, opaques; concentrations of
floating dolomite rhombs, carbonate clasts;
minor hematite staining.
4655 13.7% clays, trace quartz sand.
Extraclastic dolomicrite; calcite (to 5~)4658
4658 29.8% clays, trace anhydrite, quartz
sand.
4658 Top Interlake Formation
WILLIA}fS COUNTY
mx;s No. 25 sw~ SW~ sec. 6. T. 155 N.. R. 95 W.
11519-11530 Dolostone, microcrystalline, very dark gray
to dark olive gray; faint laminae, occasional
anhydrite blebs.
11519 Do1omicrite; small dolomite rhombs, carbonate
clasts; abundant (to 10%) authigenic chert;
trace angular quartz silt, opaques.
11S19 18.9% clays, 6.8% chert, trace anhydrite,
pyrite.
159
11520 Dolomicrite; carbonate clasts; trace blocky
anhydrite, angular to rounded quartz silt,
calcispheres; laminated and mottled in part.
11520 24.4'° clays, 0.2% anhydrite.
11529 Dolomicrite; trace angular to sub rounded quartz
silt and fine sand, calcite, and opaques.
11529 16.71. clays, trace quartz sand, anhydrite.
11530-11589 Dolostone, as above; vugs and fractures filled
with pink anhydrite and halite.
11535 Dolomicrite; small dolomite rhombs, carbonate
clasts; angular to sub rounded quartz silt and
fine sand; minor anhydrite; trace authigenic
chert; laminated and mottled in part; slightly
calcitic.
11535 25.5% clays, 1.3% anhydrite.
Dolomicrite, as above; trace calcispheres.11547
11547 32.0% clays, 0.6% anhydrite.
11548 Dolomicrite, as above.
11548 21.6% clays, 10.0% anhydrite
11549 Dolomicrite, as above; abundant lath-shaped
anhydrite.
11549 17.7% clays, 1.5% anhydrite
11555 Dolomicrite, as above; calcispheres present.
11555 32.0% clays, 0.4% anhydrite
11558 Dolomicrite; floating dolomite rhombs, blocky
anhydrite; vuggy porosity (to 50%), formerly
halite-filled.
11558 15.6% clays, 1.5% anhydrite, trace pyrite
11563 Dolomicrite; floating dolomite rhombs; minor
blocky anhydrite; trace angular quartz silt,
authigenic chert.
11563 23.0% clays, 0.2% anhydrite.
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11565 Dolomicrite, as above; abundant anhydrite
(to 20%); several calcispheres.
11565 25.2% clays, 0.2'70 anhydrite.
11574 Dolomicrite; abundant floating dolomite
rhombs; authigenic chert common; trace
anhydrite.
20.1% clays, 0.3% anhydrite.
11575 Dolomicrite, as above; trace angular to
subrounded quartz silt and fine sand,
anhydrite, chert, opaques, calcite,
calcispheres.
1.1575 22.1% clays, 0.1% anhydrite, trace
quartz sand.
11589-11605 Dolostone, microcrystalline, dark gray to
greenish gray, reddish gray in part,
calcitic in part. .
Dolomicrite, as above; quartz silt (to 31);
anhydrite, some replaced by silica.
11597
11597 20.9% clays, 0.2% anhydrite, trace
quartz sand, hematite.
11605-11606.5 Dolostone, microcrystalline, dark gray;
abundant pinkish gray nodular anhydrite,
compressed in plane of bedding.
11606 Dolomicrite; abundant dolomite rhombs, some
concentrated in bands; abundant (to 20%)
felted anhydrite; trace angular quartz silt
opaques.
17.51. clays, 0.31. anhydrite, trace pyrite.
11606 ..5-11610. 5 Dolostone, microcrystalline, reddish
brown to reddish gray; light gray
anhydrite nodules.
11610.5-11625 Dolostone, microcrystalline, variegated
(orange, grayish orange, pale orange,
reddish gray, dark gray, reddish); laminated
in part; brecciation near base; some
nodular anhydrite.
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Dolomicrite; lath-shaped anhydrite (to 5%);
felted anhydrite, some replaced by chert
and silica; minor calcite and quartz silt,
trace opaques.
11615
11615 7.1% clays, 0.5% anhydrite, 0.1% pyrite.
11616 Polomicrite, as above; floating dolomite
rhombs; opaques more common.
11616 15.3% clays, 0.1% subhedra1 to euhedra1
pyrite; trace quartz sand.
11623 Dolomicrite; zones of carbonate clasts, some
red-stained; abundant felted and lath-shaped
anhydri te; minor angular to rounded quartz
silt and fine sand; trace calcite, opaques.
11623 9.7% clays, 0.1% anhydrite, 0.1% quartz
sand, trace pyrite.
11625 Dolomicrite, as above; laminated in part;
rip-up clasts present.
17.5% clays, 0.1% subhedral to euhedral
pyrite, trace quartz sand, anhydrite.
11625
11625-11628 Dolostone, microcrystalline, grayish orange;
laminated, brecciated; small halite-filled
vugs at base.
11626 Dolomicrite; floating dolomite rhombs; trace
calcite, quartz silt, opaques.
11626 6.7% clays, 0.1% quartz sand, trace
euhedra1 pyrite.
11627 Dolomicrite; carbonate clasts, some red-stained;
angular to sub rounded quartz silt and fine
sand (to 5%); minor calcite, opaques; laminated
in part.
11627 17.1% clays, 1.3% anhydrite, trace
quartz sand, pyrite.
11628 Top Interlake Formation.
162
sw~ NW~ sec. 12. T. 157 N.. R. 95 W.NOOS No. 32
11482-11498 Dolostone, microcrystalline, medium dark
gray (N4) to very dark gray (N2.5); slightly
calcitic in part; mottled and laminated in
part; occasional grayish black (N2) shale
partings.
11483 32.6% clays
Dolomicrite; bands of dolomite microspar
and floating rhombs; minor felted anhydrite
and opaques.
11486.5
11486.5 23.0% clays, 0.1% anhydrite, trace
pyrite.
Dolomicrite, as above; trace angular
quartz silt.
11491.5
Dolomicrite, as above; increasing anhydrite.11495
11495 30.0% clays, trace anhydrite, quartz
sand, chert.
Dolostone, as above; blebs and nodules of
grayish pink (SR8/3) and moderate orange
pink (10R7/4) anhydrite, also anhydrite
filling vertical fractu~s.
11498-11535
11508 Dolomicrite; abundant floating dolomite
rhombs; trace anhydrite, angular quartz silt
31.5% clays, trace anhydrite.11514
Dolostone, microcrystalline, dark grayish
red (5R3/2), brownish gray (5YR4/l), and
dark olive gray (5Y3/l); moderate orange
pink (lOR7/4) anhydrite blebs; occasional
shale partings; laminated, fractured.
11535-11539.6
19.4% clays, trace quartz sand, pyrite.11536.5
22.9% clays, trace quartz sand, anhydrite.11537.5
21.3% clays, 1.2% anhydrite, trace pyrite.11538.7
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11539.6-11545 Dolostone, microcrystalline, dark gray
(N3 to N3.5), calcitic in part, containing
nodules of light gray (N7.5) anhydrite,
laminated and fractured in part.
11545-11556 Dolostone, microcrystalline, grayish red
(lOR4/3) to moderate reddish brown (lOR4/6);
laminated in part; zone of shale partings
near base; large rip-up clast.
11548 20.1% clays, trace quartz sand, anhydrite.
11550.5 Dolomicrite; abundant felted anhydrite,
floating dolomite rhombs.
11.550.5 18.1% clays, trace quartz sand,
anhydrite, pyrite.
11554.2 21.2% clays, trace quarts sand,
anhydrite.
Dolostone, microcrystalline, dark grayish
red (5R3/2) containing pinkish gray (5YR8/1)
extrac1asts at base; vertical stylolite at
11557.
11556-11557.8
11556 Dolomicrite; floating dolomite rhombs, trace
calcite, angular quartz silt.
11556 5.9% clays, trace anhydrite.
11556.2 9.l~ clays, trace anhydrite, quartz sand.
11557.5 Do1omicrite; abundant floating dolomite
rhombs, carbonate clasts (many red-stained);
minor angular to subrounded quartz silt and
fine sand; trace lath-shaped and felted
anhydrite; some silica replacing dolomite.
11557.5 17.2% clays, trace quartz sand,
anhydrite.
11557.8 Top Interlake Formation.
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SWt. NEt. sec. 31. T.156 N.. R. 95 W.NDGS No. 35
Dolostone, microcrystalline, medium dark
gray (N4) to grayish black (N2) with
brownish gray (SY4/2) and olive gray
(SY4/2) blebs and mottles; vertical frac-
tures lined with moderate orange pink
(SYR8/4) anhydrite and colorless halite;
occasional halite-filled vugs.
11572-11584.5
11573 20.l~ clays, 6.7% anhydrite, trace
quartz sand.
11581.5 Dolomicrite; floating dolomite rhombs;
felted anhydrite.
11581.5 26.21. clays, 0.51. anhydrite.
11584.5-11586 Halite, euhedral, coarse-grained, contain-
ing stringers of carbonate mud.
11586-11589 Dolostone, as above.
11589-11598 Dolostone, as above; no halite present;
vugs and fractures filled solely by anhydrite;
occasional anhydrite nodules-
Dolostone, microcrystalline, dark grayish
red (lORJ/2) to dusky brown (5YR2/2);
contains dark bluish gray (5B3/2) mottling
1.1598-11603
11603 -11606.3 Dolostone, microcrystalline, light olive
gray (SYS/2), shaly.
11606.3-11609 Dolostone, microcrystalline, variously
mottled in gray (NJ and N4) and reddish
brown (lOR5/6); contains large (to width
of core) anhydrite nodules and layers;
reddish orange (lOR6/6) anhydrite filling
fractures; laminated in part.
Dolostone; abundant calcite, dolomite rhombs,
felted anhydrite; trace quartz silt and fine
sand, opaques.
11607
11607 20.6% clays, trace quartz sand, anhydrite,
hematite.
165
11609-11635.5 Dolostone, microcrystalline, dark gray (NJ)
to grayish black (N2) or dark grayish red
(lORJ/2) to very dusky red (lOR2/2); mostly
featureless but containing mottles of gray
green (5G5/2), olive gray (5Y4/2and 5Y3/2)
or medium dark gray (N4); occasional zones
of light gray (N8) or pinkish gray (5YR8/1)
anhydrite nodules, abundant in basal 2.5
ft.; laminated in part.
11609 Dolomicrite; abundant floating dolomite rhombs;
trace angular to rounded quartz silt and fine
sand, chert, opaques.
11609 24.8% clays, 0.110 quartz sand, trace
anhydrite, opaques.
11616.5 30.7% clays, 0.2% anhydrite, trace
quartz sand.
11633.5 Dolomicrite; concentrations of dolomite
rhombs and carbonate clasts; abundant
felted anhydrite; strongly laminated.
11633.5 22.5% clays, 0.3% anhydrite.
11634 19.9% clays, 1.8'. anhydrite, trace
pyrite.
11635.5-11638 Core missing
Dolostone, microcrystalline, grayish red
(5R4/2) to moderate pink (lOR7/6), mottled,
laminated, shaly in part, brecciated in part
11638-11658
11643 Dolomicrite; floating dolomite rhombs, trace
angular quartz silt and fine sand.
11643 15.51. clays, trace quartz sand, anhydrite
11651 7.4% clays, trace quartz sand
11656 .5 Dolomicrite; concentrations of dolomite
rhombs and angular to subrounded quartz
silt and fine sand; faint microstylolites.
11656.5 15.1% clays, 0.1% quartz sand
11658 Top Interlake Formation
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swt. NEt. sec. 19. T. 156 N.. R. 95 WNDGS No. 254
Dolostone, microcrystalline, dark gray (N3)
to grayish black (N2), calcitic in part;
blebs of moderate olive gray (SY4!2) anhy-
drite; fractures filled with moderate orange
pink (lOR7!4) anhydrite and colorless halite;
faintly lamina.ted in part.
11601-11626
11614.5 Dolomicrite; abundant calcite, felted
anhydrite; minor floating dolomite rhombs
11614.5 27.01. clays, 0.11. anhydrite, trace
euhedral pyrite, quartz sand.
Dolostone, microcrystalline, dark yellowish
gray (5Y6!1), shaly.
11626-11629.5
11629.5-11633.5 Dolostone, microcrystalline, grayish
red (lOR4/2 to lOR4/3), calcitic in
part, faintly laminated in part, mottled
bluish gray (5B4/l) in part.
11633.5-11635 Core missing
11635-11642.5 Dolostone, microcrystalline, grayish brown
(5YR3!2) to dusky red (5R3!3), calcitic in
part, mottled dusky yellow green (5GY5!2)
in part; zone of anhydrite nodules at
11639.5; moderate orange pink (lOR7!4)
anhydrite filling vertical fractures.
11637.5 Dolomicrite; abundant calcite, floating
dolomite rhombs, carbonate clasts; minor
anhydrite; laminated in part.
19.1% clays, trace quartz sand,
anhydrite.
11637.5
Dolostone, microcrystalline, moderate olive
gray (5Y4/2) with grayish black (N2) mottles
and laminae; occasional anhydrite nodules,
some compressed horizontally; calcitic in
part, shaly in part; grading to reddish
brown (lOR5/6) in bottom foot of interval.
11642.5-11663
Dolomicrite; abundant felted anhydrite with
dolomicrite inclusions; occasional dolomite
rhombs; faint laminae, mottles.
11659
15.2% clays, 2.6% anhydrite.11659
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11663-11672.2 Dolostone, microcrystalline, dusky grayish
red (5RJ!2) to dark reddish brown (lORJ!4);
laminated in part, shaly in part, zones of
anhydrite nodules.
11672 .2-11674 Dolostone, microcrystalline, variegated
(5R3/4 to lOR6/4).
11674-11684.7 Dolostone, microcrystalline, reddish brown
(lOR4/4) grading downward to reddish orange
(lOR6/4); shaly; laminated zone near base,
brecciated zone at base.
11684 Dolomicrite; carbonate clasts, some red-stained;
common dolomite rhombs; minor felted anhydrite,
angular to subrounded quartz silt and fine sand.
11684 4.21. clays, 0.1% anhydrite, 0.11. quartz
sand, trace hematite.
11684.7 Top Interlake Formation
NDGS No. 1231 NEJr. sec. 2. T. 155 N.. R. 96 W.
11400-11401.3 Dolostone, microcrystalline, dark gray
(N2.5), faintly laminated; anhydrite
nodules at base.
1.1401 Dolomicrite; minor dolomite rhombs, felted
anhydrite; faintly laminated and mottled.
11401 22.1% clays, O.l~ anhydrite, trace
quartz sand.
11401 .3 -11407 .5 Dolostone, microcrystalline, moderate
olive gray (5Y4!1) to olive black (5Y2!1).
11407.5-11412 Dolostone, microcrystalline, dark gray
(N2 to N2.5), faintly laminated.
11412-11415 Dolostone, microcrystalline, medium dark
gray (N3.5), laminated; occasional anhydrite
nodules and vertical fracture filling.
11414 Felted anhydrite; abundant dolomicrite;
minor opaques; trace quartz silt.
11414 12.9% clays, 0.7% anhydrite, O.l~
subhedral to euhedral pyrite.
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11415-11423 Dolomicrite, dark gray (N2.5) to olive gray
(5Y3/2) , calcitic in part, laminated in part.
Dolostone, microcrystalline, moderate olive
gray (5Y4/2); calcitic in part, strongly
laminated in part, common anhydrite nodules,
occasionally coalesced.
11423-1.1427.5
11424 21.510 clays, 3.7% anhydrite, O.2~ pyrite,
trace quartz sand.
Dolostone, microcrystalline, dark reddish
brown (lOR3/4) grading to dusky red
(5R3/2) at top of interval; anhydrite
nodules in top 2.5 ft. of interval.
11427.5-11433..2
11433.2-11436 Dolostone, microcrystalline, pale grayish
red (lORS/2) and pale brown (SYS/2), mottled
and laminated; grayish black (N2) sha~e
partings.
11436-11441 Dolostone, microcrystalline, reddish brown
(lOR4/4), laminated and mottled; occasional
thin shale partings.
11440 Dolomicrite; minor dolomite rhombs, carbonate
clasts, quartz silt and fine sand, frequently
concentrated in layers with large opaques;
cryptalgal laminae near base.
11440 17.3% clays, trace quartz sand, pyrite,
anhydrite, hematite.
11441 Top Interlake Formation.
SE:t. SW:t. sec. 16. To 156 N.. R. 95 W.NDGS No. 1385
Dolostone, microcrystalline, dark reddish
brown (lORJ/4); laminated in part, mottled
in part.
11744-11745.5
Anhydrite, coalesced nodular, pinkish
gray (lOR7.5/4) containing dark reddish
brown (lORJ/4) dolomicrite inclusions.
11745.5-11746.8
11746.5 Felted anhydrite; common dolomicrite
1746.8-11749 Dolostone, microcrystalline, dark reddish
brown (lORJ/4) to moderate reddish brown (lOR4/6);
mottled in part, faintly laminated in part; 3 mm
of dark grayish red (5RJ/2) shale at base.
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11749-11758 Dolostone, dark reddish brown (lOR2.5/4)
to moderate yellowish brown (lOYR5/4);
laminated, mottled, occasional shale part-
ings; 5 mm olive gray (5Y3/2) shale at base
11758-11762 Dolostone, microcrystalline, reddish brown
(lOR3.5/4) to grayish red (lOR4/3); faintly
laminated; dusky red (lOR3/2) shale partings
at base of interval.
11758.5 Dolomicrite; abundant floating dolomite
rhombs; minor. angular to subrounded quartz
silt and fine sand, carbonate clasts (some
red-stained); thin hematite-stained laminae
11758.5 21.8% clays, trace quartz sand,
anhydrite, hematite.
11762-11764 Dolostone, microcrystalline, yellowish brown
(lOYR6/4) to reddish brown (lOR4/4), faintly
laminated.
11763.5 Dolomicrite; concentrations of quartz silt,
dolomite rhombs, carbonate clasts in layers.
11763.5 15.6% clays, trace quartz sand,
anhydrite.
11764-11765.5 Dolostone, microcrystalline, dark red
(SR4/4) , laminated; occasional shale
partings.
11765.5 Do lomicri te; common floating dolomi te
rhombs, carbonate clasts; minor angular to
subrounded quartz silt and fine sand,
discontinuous hematite-stained laminae.
11765.5 6.2% clays, trace quartz sand,
anhydrite, hematite.
11765.5-11710 Dolostone, microcrystalline, pale red
(lOR6/2) to reddish brown (lOR4/4);
laminated; dark greenish gray (5G4/l)
shale partings at base of interval.
11769 Dolomicrite; minor floating dolomite rhombs,
carbonate clasts, angular to subrounded
quartz silt and fine sand.
11769 6.9% clays, trace quartz sand, anhydrite.
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Dolostone, microcrystalline, grayish
orange (lOYR7/4); laminated; abundant
carbonate clasts.
11770-11770.8
Intramicrite, dolomitic; abundant floating
dolomite rhombs, carbonate clasts; minor
angular to subrounded quartz silt and fine
sand; cryptalgal laminae in lower part;
voids filled with lath-shaped anhydrite.
11770.5
11770.5 7.3% clays, 0.2% anhydrite, trace
quartz sand.
11770.8 Top Interlake Formation.
NDGS No. 1403 SWlr. NElr. sec. 15. T. 155 N.. R. 96 w.
Dolostone, microcrystalline, dark reddish
brown (lOR3/4) to moderate reddish brown
(lOR4/4); laminated; brecciated in part;
shale partings near base.
11360-11366.5
Dolomicrite, common angular to subrounded
quartz silt and fine sand, carbonate clasts
dolomite rhombs; trace anhydrite; hematite
filling fine discontinuous fractures and
voids; strongly laminated in part.
11362
11362 11.7% clays, 0.2% quartz sand.
11366.5 Top Interlake Formation.
SE~ NE~ sec. 26. T. 156 N.. R. 95 w.NDGS No. 1534
11560-11565 Dolostone, microcrystalline, dark yellow
brown (lOYR3!2) to reddish brown (lOR4!4);
faint laminae; occasional dark gray (N3)
shale partings.
11563 Dolomicrite; slightly calcitic; minor floating
dolomite rhombs, quartz silt and fine sand,
carbonate clasts.
11563 17.8% clays, trace quartz sand, anhydrite.
11565-11565.5 Dolostone, microcrystalline, light olive
gray (5Y5/l).
171
11565.5-11568 Dolostone, microcrystalline, dark yellowish
brown (lOYR4/2); faint laminae; occasional
dark gray (N3) shale partings.
11568-11571.5 Dolostone, microcrystalline, grayish orange
(lOYR4/2) with bands and mottles of dark
gray (N3.5) dolostone.
11570 Intrape1micrite, dolomitic; abundant dolomite
rhombs, minor microspar; minor angular to
subrounded quartz silt and fine sand; trace
anhydrite; opaque substance in interstices
(dead oil?).
11570 6.4% clays, 0.3% anhydrite, 0.1% quartz
sand, trace pyrite, hematite.
11571.5-11573 Dolostone, microcrystalline, banded pale
grayish orange (lOYR7/2) and light olive
gray (5GY5/2).
11572 Dolomicrite, slightly calcitic; common floating
dolomite rhombs, carbonate clasts; trace
angular quartz silt and fine sand, opaques.
11572 7.6% clays, 0.1% anhydrite, trace
quartz sand, hematite.
11573 Top Interlake Formation
NDGS No. 2150 NEJr. sec. 35. T. 156 N.. R. 96 W.
11548-11550.2 Dolostone, microcrystalline, dark reddish
brown (lORJ/4) grading downward to pale
grayiSh red (lORS/2); faintly laminated
and brecciated.
11550.2-11550.7 Dolostone, microcrystalline, light gray (N7)
11550.7-11555 Dolostone, microcrystalline, pale grayish
red (lORS/2); faintly laminated.
11554 10.5% clays, trace quartz sand, anhydrite
11555-11556 Dolostone, microcrystalline, moderate orange pink
(lOR7!4) grading downward through grayish orange
(lOYR7!4) to grayish yellow (SYB!l); brecciated
zone at top, occasional thin shale partings.
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11555.5 9.1% clays, trace quartz sand, anhydrite.
11556-11557.7 Dolostone, microcrystalline, dark reddish
brown (lOR3/4) grading downward to dusky
red (SR3/2); abundant carbonate clasts.
11556 lntramicrite, dolomitic; minor quartz silt
and fine sand, increasing downward; abundant
carbonate clasts, some red-stained; minor
floating dolomite rhombs, lath-shaped anhydrite
11556 7.3% clays, 0.6% quartz sand, 0.2%
anhydrite.
11557.7-11560 Dolostone, microcrystalline, alternating
pale grayish orange (5YR8/4) and moderate
red (5R5/4); occasional carbonate clasts.
11559 Dolomicrite; minor floating dolomite rhombs,
carbonate clasts; trace quartz silt and fine
sand, anhydrite, calcispheres.
11559 4.6% clays, trace quartz sand, anhydrite
11560 Top Interlake Formation.
NDGS No. 4379 NWt. SWt. sec. 25. T. 158 N.. R. 95 w.
11422.5-11429.5 Dolostone, microcrystalline, reddish
brown; mottles and bands of dark reddish
brown; occasional dark gray shale partings;
brecciation zone at base.
11424.5 Dolomicrite; minor floating dolomite rhombs,
angular quartz silt and fine sand; anhydrite
fracture filling.
11424.5 18.5% clays, 0.3% anhydrite, O.l~
quartz sand, trace pyrite.
11428.3 20.4% clays, 0.3% anhydrite, 0.1%
quartz sand.
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11429.5 Dolomicrite; zones of concentrations of
dolomite rhombs and angular to rounded
quartz silt and fine sand; minor red-stained
carbonate clasts, cryptalgal laminae.
11429.5 7.1% clays, trace anhydrite, quartz
sand.
11429.5 Top Interlake Formation.
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APPENDIX C
OUTCROP DESCRIPTIONS
Outcrops described herein are numbered to correspond with the numbers
on the location map (Fig. 19). The Ashern lithology at each locality
is an argillaceous microcrystalline dolostone.
1. Location: Sec. 31, T.. 22 N., R. 6 W.
South side of Rte. 235, 5.1 mi. west of Rte. 6
Description: Abandoned quarry, partially water-filled,
Ashern Formation exposed throughout;
maximum section about 6 feet. Fresh
surface is briCk red, weathering to
orange along exposed faces and fractures.
2. Location: Sec. 12, T. 25 N., R. 7 W.
West side of Rte. 6, 1.3 miles south of
intersection with Rte. 325.
Horizontal beds in roadside ditCh.
Vertically fractured. Brick red,
weathering orange along fractures.
Description:
3. Location: Sec. 20, T. 25 N., R. 7 W.
South side of section road, 2.9 miles west
of intersection with Rte. 6.
Description: Horizontal beds in roadside ditCh.
Orange weathered color throughout.
4. Location: Sec. 23, T. 27 N., R. 8 W.
~ mile east of Rte. 6,2 miles south of
Grahamdale.
Descriptioo: Abandoned quarry, partially water-filled.
Brick red at and near top, otherwise orange
to orangish gray. Total section about 6 feet
5. ~cation: Secs. 28 & 23. T. 26 N.. R. 8 W.
Both sides of section road. 4.2 to 4.5
miles west of intersection with Rte. 6.
Description: Horizontal beds in roadside ditches. Brick
red, weathering to orange along fractures.
Brecciated zone, containing angular clasts
oriented east-west to southeast-northwest, at
western margin of outcrop. Surface striated in
part; striations oriented northwest-southeast.
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Figure 19. Map of outcrops (marked with X) of the
Ashern Formation, Interlake area, southern
Manitoba. Index map of Manitoba with
enlarged area shown in black. Each large
square is six miles on a side.
..
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